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£— ^ fll jL-ty j*-*> (SUM j j^j^J frbjjtft f ^1p) Ails* O^b* J 

c-pl—^ Jillt oliU^T^l ^ya-uai ^ 4-^5 JS" c^Ub-l 4-ijU*: dL~a» ^4 .olJLr j 
^ Ip d> yull > dLJ c^Jb-t j ULfljj J cJb^ j 5 j-^Ull iJL^ J-^liJ 

J 4 S.jA£ 1 j}_J U o^b* j ^ jp j j*? ja aj U tjJu* <LLji tdUi JT ^ 
jyu 1 e Jjbjjo jjOjj dJiifl djs-AjJ <j£ yiJl ^IsPt 1% gf.lAi j cUib -Ojh^it 

dJLJ> 4-JjU w^Jj? jA cdjff j ul^l! Ua 4*j JIp ciwai ^iJl (^JlJrl 

3;,u * u»l Jt, sTl J — f 4-^aS cJ^Uio J^JLwy li Je j*i it .Ifrw Sj^ji* 

jW> OjU^-l ^ dUilaj f c4ii^j» j 4Jbytf jP d^^aatf SJLj j u>UlsTVi 

a-Jl jail dilJ-^Sl j 4— a ^ll gjl ^ i^a* ^ 



9 



OjjL J ijyaj U44 LiU?l (dUoft gyHjL WIS cvUUjt Jpx&\ Ul .4jjOp- 

1(jp JanJl Mill <Ulti 

dij—- J cJftSSl IjLa 3*1 ji frUii dLy^AJ CjiiU y-^l fr^l 

j o 4 Jll <ulT frUsi! ^ 4ib ul^li ob Lr ^j Of ^ ^ y-f LyU j 

di i JA t^iP LJ^" U JLi cfcUfeiV U~**"J J* 

(.asjga j 4-^f JLp Ul~£j Of Jj c^L^ai ^jJl J JL*ij ^ IJLa j£j 

.*Ls3i lift U> jltf ^ju CJl jU^I jf *1 jT 

^iLlL-j j — o j — a ^ jsll ^L?^ u ojS\ <J--i?f Of OJUaJ cjllaii lift 
j=3i iJJo Ja£ l^yji gjJl CJlla^^l! Ig^ii ^ j .dUi 0 jjj-^J O yu* UiT c^^^Jj 

cl^Jp jlpf Of CuUjI ^1 ^^Sll ^aJI jiaw JUp CJf U 1 5 jjj-^ ^»f 

4_3lk)i jtf— ^ 1 ftjUPb Ifo^B A^yJl jiit^J 03 j^jUj ^ J=^ U jS3 W 

C yf Ob Jai jf ^LUp Ob^lk^za ^9 j? J 5ibj Utljj jj» C*Jey1 jf cA^Sll 

CJ\_^)f j a ^0P JlP dUi J OJ^sPl j .U^ 1 J O yf A^-Ui lif 

.jjjsilj ^UsP^l dijfJ^j C^aH Mi AJjj^Jl £*\y> dAJiTj t A^JjJt ^l^il 

jf oL^Jl J OJUmil jjijuJl C^jliJl Uf c^J J c j^J 

.c^jjJt j j~Ji lift UJ <uaiJ JJiJl frv^l 
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j! ^j-Jp jjuJl jA JLisPit -U ^ JLlsTl Jt jj* ^ya^ JT 

Uji i*JJUa JlT ll dLsi^i jA .JJ Ja^^i <lj c)yu |I -OjJbr U iii y> 
.^t i lg.>M.M,-C ^ d*-?- J jfJrl J ^iJ jt>Ui aUsViM jA .liA*> £-Jr1 AiP JiP jSj j 

*! Jp ci^ (^j— * ^5— ci*?*^ ciJ^J apI* 0 jil£l 

Jj1_£ .AiJl * CJliltfj OtjUw* Ajj-ij J^UI ^Up? L^jSjjj^I 

.^13 JUS £%JJ 0 j*^li-t ^bt^i 

cdjj fc> c4 Ai> *UaI> ^ cOjOi-l jlU)l «<Ji , n-Cl)) j^j* j)jT <M Jj£ UJiP 

J jJ A\ AitfL. aJp jS»lP Oid ^Ua OjoJUI ^UJl Olf tilkJ .a ^yl jt c<Uw> 

5 jj Jj* tij** 4 d J**- 4 * J 'f 1492 flp ^1 ^ jJjS* Jj**j JJ j>uJi 

4 L^Ji dift gjA jjjf J jf OlS* JL03 .dOjoJri SjUJl ojl* Uip irfjjty dl^l 

.iJULaTi aLp ja Jjwt U IJUb .Sk>yM SOjjJH 

A—^JtU 5^l_Ll (JJt T<3 ^jj ^Jb 1^3 .A*5j^ OliLliT^I Oj^J ^ U d^lP 

^ Jbr^jai (I J .JaS \#s> ^Jl *UfliJ j^j jl ^ J ^1970 flP iJ j^Jl 

Oi JUj (4a»1I Sail!) U*M aJ ^oJ Of O jk^l ^ j Jj .dUi l^LiaTt oJl ^ tJ^T 

j-^Vi ^-J j^Jj jy-T frUiP aj jik^i j^u J-*p ^ uu^i JlisT^! 

UJL-JSi d^Jl ^ Jt> OS- 1 ^ft OldLisT^I ^ .jy>*ai ULpI J JSJS 
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J*LJi jt 4 — *1 yjt ^ 50jO* J ji^ J^kil i>tii Ji£j oUi oliUsf^ $ U 5*lP 
.4-^Ofij JL^-J^I jj-JaJ dL^ Jak£ OtiUsS^I 0^ fOliUsTtfl 1*1 jJ jl 

p—UJi Jbs-L ^\ olft^i ju* iu$ii oliu^i j cOa!j jlu- £ j-tfiw f jJi oliUiTi 

d\ .4 — Pj} j a bjj I jjutf jij-i^Jl 0 jdJl *bji jlp fl905 fl* j*UJLjT 

.5 jjJfcil b%J UJ^r ui^Jb Ul c^r 1 
Olf iilij ijA^\ ja Js> ^Jp <Ju*Tl tfU jjapf jUs^b IjLa Jut* 

tj^jty IP ci—JbjjiJl fj^l) VJUJt A3 yuJU 0.^1 £jj*Jt JA L>f :(0Ja1I 

.C^t^dlj i^ljjJlj ijl jll ^UaJi jP 43jA\ JS^J ^1 ^jiPj 

.hjjJ\ £J\ jUa^iJ (OjJtil) J^lit ^HtjVsH rj^JJI j-a 

J j— 9- 4_;JUll OU jbdl jP (J^i3t 4jUjJ tOil^U^J) IJLa Jl*j 

^Tij^lj Jj^il j^jUll / i5 1p^ j-^aIi a^^^ oli AJdl A*JUJt oliU^T^t 

.piiJl ,llP J j J-iai^t liJb ^1 a jfi-t Jsfi ^1 i^UJi oliu^^t 
ps— j i^li oiiUiT^i ojlp ^1 jifj ^ ^Jt jjkJt 5jbap jP dUu* 
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jl- SlJ- Ujjj^ ^Lt^Tl 0 jSy JLfld JJLA UUj J L~Jj djjj j** c *Ai* 

uiu^ Ua ^ j& ^ t Ju- A,j ^ .^Ui ^ ^ ,1 

*U ^ j£j UlP jjjj^j ^0x/>1 JwP c jjAiJ Ji( ^ cli^U J jftti jJLtu . jyw 

.Jill! oldLi^^AJ ^'13 ^ a*- (I IJLA .^UJt u3U*T^ \Jjt apL^ J 

j( J 2Lj.» -..♦j 4^L~* ^JUJ» j^&bJl j jHjfcJt J 1 j^Lo JJ? *b*bJi iJlift .^Jrt j-J 
^-Japf j_a *UUJl wylP .^^JaaJt Ajlil dJUU j b*U* liUUsTl IjaJL^j 

.2uJp OliU^TtS* Jl^oS V ^\i\J^\ 0^ ^UJt J c£ 

(% i j-iLj ol3U^Tl jjuiyj uU^I (Uj^S j£j (I JJ) b jap *UJU)l ^ U a^lp j 

fj— Ja— * vJUsTl villi ^ Jli* J*J Jj^t Ujjy? 

O^t a j^-siii L-J( -Up Ofr-> A** tJUb M^f 0^5 ^ .Afl jjl! 

ctjv/ UjJ cJ^p 0*3 L^Jl J jiULjT h£j Ut .451 jjH ^ ^uty ^ 

Oj .4 ?r j*- dO-Jfl ji* JS'ULa Ji- A3 ^ll j ^iit Oji!Li 0 jP j ilJUp Obriiu j 

.Ujji LUp ^Uju^I kJaaJl OlPl y^*A! 

Objcull ^ ^jJrb OU jl c^Ji J jjiUJLjT Aj ^ki cdiJi jfi Ja3A\ JLp 

j-JLT Ju^ri 4_» oL jl UT ^ ^V- >j5 c^J< ,t*AtiU jf ob jUil jt 
JL-jyJl Ju^Ti ^ AJb y^i j-kj .^^JtJ^ Jj^ i^Tij^JL! Mv^^^ oljlxJJ 

J j^lj— ^ UjaP UJi? JT Jiff clJUb .Ol jUJi ij! j*J 

\JLa jjy^j apU*> J jp\ ^p( aS^j ^jJ cJ\T 
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.U^J U jjSCflj Uh jryb ^fclj LjlP Ol3LliS*l f aft . 1 

. ^U*)i jjLJi j f ufcU §j£- jli ais$3i Ju*S*i ^oft .2 
.oidu^i dJub jlu ^ j? u^p .3 

A^JUJl OlPl jSp^U o j3 jsill dbJji ^Iau lc Ltd jSTf OUU>j oUr 1 0 yfteu 
The 100 Greatest Science 01 J_*£ c^J — Ji ^L^T J) Ju\) iS J*6\ JUdl 
- ols&t \J* J 0 j?r yll frUJUJli .(Inventions, Libraries Unlimited, 2005 
L—ijjdl ^ujIj^ frLJf OL^b ^Jl J U j*P 1 jaJ —hja£> 4_Jp OldU^Tl I j£ 

1 Jftls?* ^ ciAJi U ^*P clip- ja jiUJlj A*~kJl /uu d yjJl dJLft Cusit 

.1^1 UldUiTb cjf u>up Uyb» ^.jA-Ai ^ tij* SMidL cJtf ;4JU*Jlj J^JUIt 
f 4«— *t .2L.fr* 3j^U j ^ aL& 0j& OH tULA A j* OiiUsTl JJ 

( i ft A .fli^J ^UaJl Jljb OlPLj JL£ I ^Upj ^Jji\ pJ>\Ju> ja \a uJbr 

J J OU tJaSd UlP gylC JJ ^ £>\ J*r\ ji 4 Jaid UP jw> 

UlP gy^ JJ \£ jL>j Oljj^lyjJU aj^l AjtJa)! fJUSl ci^sSVjSSl ^ UlP g^ 
,>.«>jCfll) g— Ul jilkJl ?J ^l Of . JaSi UlP JJ & jjJl ^Uaj^U j 

J^-lj JT 0^ iJLfc JT .^iJUJl g^J^l j^JU <J\ A**» {jf^\^A*Ci *i I 

.g^j y^l ^Jr AjuUJi ^»U)l 4d ydl 4«db ilb- Ji ^AUil dJLft ja 
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\ — « a j gfll guJ j 4*tt7 * jf- ft cj£ LbO*- 1 j&S uiUsS^I » Jbb Jtf J* . 1 

j—a aL_p(j ^^JUJl d^Jlj JUsS^I tJUb aJI ^ c^JUi jJ-\ j* U .2 

^Lybjsr J jftJu jlUJl Ji ^1 U ^laa ^1 Ujfa) I ja JUiT^I iIa ^ Ja ?U^LCl? 

jeSb jtiy Ja ttUW jjkj ^Ip c^jdl iltjk o! ytj JUsS^l IJU Ja .4 
JlLJ'l j— a J_a ybJl ^ <J Ji^ j^w? <JUsf «Jfl 1JLA ^jJu Ja .5 

.(4JU?i Ob- js2* JlP J j^nJJ 3 jfrSj J^iit J) 

j_J jj 1j tai ju\ jJL^Tt Ijbb J Ujttf j? ^\ jll ja JbOaJt ^ 

j JJ*- ^yjajjl aili &*Jli j*& 0 j£j JaJ* j£ Ufw bj 0^ j tU^fcUj» 
jiJI 1/ jftJt? 4i ^jj U jvi^j ^JaPl i^f UgJp ^L*i ^yaiw U^U-I 

AJUa ftil d b jP .CJliU^t oJLa 3jaPj iJUb .^/uflill dJU jatf 
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Levers and Buoyancy 



Archimedes jf ft ftftirtt <>• 



JJ jll till 0 jj l>j*—j Sjl j£ U-^r ^Jb) yiaJ 1 ^ £>J 






edes j*)* .f . J 260^1* J 

^ul j v-Jj ^ 4^UJl jwaill J> ^lall ^^Ip aT^j JdL^> .jwaiJl l3 Jai\ ^Js> 4^ Jail 
.<-! jit J AftWl 4tfJL*L Ujlt JaJ\ 4ki-A j <uia*t3 J>\ vJ I 

C— ^ ^-Jt ^lil -ujp JiP j cub jlalt Xfril\ \JJ> ^J-> j! 

Q\, r n \\ J> t, tI 3 jJ^ ^ lJIjSj ^^J-l llaj^-i j! ^A>c^i 

2L-nU< jp tii±j> lever UiT) lever LIT O^jSl^ ails* j^br 
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1$ J gjft £ CJlS* C/tadl Ob AjLjLS ^JL>jt ^ c(«^4 jS 0?» 

J j— b JT JaiwaJ ^1 (OjjSt) SjiJl ^ OlS* .^jULSJ OL-U Jb-}f 

a .1— q^ jt j> ^1 j> g» 01 ja^i y 

d — 111 J J j — « ^x>j( c.f.J 245 fl* J ^f cUIp j-S^ \aJju 

djj—* dlill OlS* il ff 03 UuU> Of j! Ui JLls^J King Hieron Ojj^a 

03 jJLaJl OjSo Ot jJ dLM Of tUl* ^JJi Ojj ^ £)ji OlT jr Isll 01 

j o o j Hall OlS* . J>Udl J y-T OJjw J y ^jfeJJl iflj^ ajlSp uiJ 

.<uJa£ 0j^ ^liM c~*Jtfl £^Jl OVS* j! U-3 <J-i^> Of ^JL>jl 

^JL>"jf OlS* U^J c Jb- AjI .IgP ji j-a 4JL?xi-wa dilj OJb JLoJ 

.4_^J*i J jj Lj 4Ja*lP I ^3 OlJbj ttlll ^k-u OJb Ja>*i <^lP ft* J 

. JbJjr J*« jikj dJb Cjwt j3 4Jtf ^ j~»»l j? cjJa-Jl C*^ aJUIS" 6JLj 

cL_Jjj ua^l <L-jb yti>j {£ ji-Jk till £&jl U^UaB. JjJ^- ^ till <Jjs~»j» 

£3J j 0L-T till Of Jb *i ji ^jj J-^f j*^J js~~» (jJai^l U-^j 

^I^p .till J j^Pj Uyj jJlj ^J^\ ja Ul3j 1^ ^o> jf J> 

.d^ib ^ Ji^^l j£ v-ii-U ^iJb Of 4Jp 01S* cjf J ^jj ci^' ljb . 
^ ^1 jll till a-*? 5 ^Ip^I (t -Jrl ^Oj 01S* till Of dlJi J* ^ 

^\3 till J (t-Jrl 4Jp IJj ^JJl Jiill Ul .^Jrl Ojj ((t-Jt-l ( t-Jrl JJ 

^ 3Jb-j JS' Cijj U jlJULa) ^ij-Jrl 43liT ^ L^luw 0lS*j Jb 

£\ste ^CU dLHl Jl A^lj^f y .dUdt Jl>» Ajbr^b ^oJ^j^ IjLa ^ jl 

Of ^\^«^ 0U c^JfcJJl *i-b y^T U OOjw ja \*ji~fr> ^Lll OlS' jJ .A3li£)l cjAill 
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j£\ ^ijli c*ili juT joS J u-ajJi ^3V5U Ojjj ^Uu 

4 — j£h flJL^ c-^v^l .«!bu*rj» ^ «Eureka!» 
^L_dl JL_*p 1—4 ^U> UJ^p Li jjaJ^ JjH jJ IjU-5> 




19 



The Sun is the Center of the Universe 



Nicholaus Copernicus 4/ j£h ^jT fjtjtj&ti huiim & 



$ u nV%%1\ 2£U! <>*<i J&LlISYf Jbu 1iU 

dUi J JU^pI -Ui j^rtJ^j j^il AJLii y j ajUIJ ^ j^J^j <*3^p ai) 
IJU J d jjJJ! qu£U)t ja JbJLalt Olla^>U j Olil y> Ajjlio j 4P jlk* j ^ 

.djU^I dLUJl pLdj \Jj^. o£lJ Jl^l U$fl) 

jkdi j ^ «,UUI\ ja Ai%£^L*xu 0^oJ5£$) 4-JIp Aj Jti jtjbd ^UlT 
^jJLJ^l dLJLUl ^ *T ^1 Jji jfly.g >*Ji^ ^ 




J t— ^ y-&*j> £ js— cf 1499 ^ W jlji Ajwbr j** 

J 4 — oii^lu L^jJ Jo* A^ijjui^j Bishop Waczenrode sjjijti 

4jUIJ y iSs c$ jiull jillaJl 

y J-^ ^ j 4fip 1500 J^ja u JJ Ptolemy V 
^s* j ^ili j j cClaudius Ptolemaeus ^j^aj jy-^P* ^j^Akj * 
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4 flJjJl oLAiJl .0j&) jUrl c3^UJl JU- A£br 5o,jJl fj*Jl CJtf* 

jh s-^ jS" JS" ob j^b -epi-circles *oijJtf jt - aJL^^i oliLM j***? 
,*JlJLJ 5 4*£iiJi 4aU-1 Js- djjjb jjJb yjOJ did) jviw? ^ib- did ^Lp 
j oJl J Jj*- SJbOflr tUa^f C~*S*t Ji id J Jju \j J .JfijM J f 

^j-ijJl ojtfj 5jdj 4iJ j ^If^rb i~S\ jit ^li Jj <ui^ ^JUl yty 

.dbc~o J <ubu*J <tfUa*-}U JjlO^r .Up 

U ^ £ f <Up jjlj of u jj&Ji ^ j£j ^ j£J cjc^Jt jjy; j 

j^) g^H j l^LJ iUUJt AiUdl OjJ ^ 43^^ ckJl j* J*iJ J 
j— T ^ J ir *Ji}\ bt^lj AJUlJ o^Ip^ djjiJ j£j j£ cdJbjJrl a j&Jt dJL4 
i-i^b iJ^f ^ 4ijyd\ ^ij^Jl CJl^ ^ J iUlJLdl L^jOj! *5^3^l 
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iJLftj . jf jii SJLteli L£J yi£Jt u? j - (iuli j^T Jii 

LJyu* pJa*Jl Ju^ii lJUb OlT cgJ-l dl3i J .fl543 fl* ^ 
4pw ^^aJ t£ j^f k-' jiUli jw? j .iuwli-l J?L*> jShj ^u^iiJl j l^yiCJl j 

^ • j Johannes Kepler >^ # Jup( ^ dUij Ju^i tJu» 

.Galileo Galilei >L)Ip 

.AJlj JT j^j^l L j~»jd\ 
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Human Anatomy 
^1543 uflUuS^i 




$ 0 «ftiitl ^jUI 0^ ^UJ^Vt Cut JLju liU 

g» jJ^ilJ jiUw 0 jJUsju titty £)iT c^^^it ^Ul! OyJl jJ- 

Jt-I j-i—J JjU J ji ^^Jbjld OlT . U jiff tivfei Olil J** j* j& 
•S^JJi ^ J ijjb Uaia** jiCi j 1500 <-*jUi u JJ Galen jt\s> 

f jLtU A~-UI jw^Jl j ^JLJ-I Jj£ ibLaJt «L4 j^Jl ci^ Jjty 5 ^JUi 

1515 fL-e Ju^w-Tj^ *j*u J Andreas Vesalius ^r^tj^ u-^yit 

* * * * * 

.Ipijlsj fjhj d jywJl obi jJ-l 
gdj-iJ j& (1 J .^JaJl j^J ^jb ^^Jbjli J^j to jJUp ibri&ll ^ 
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te:jj> jP Olo j-uj ^Ip frb ^jOj' ^ jjUl ^ j-SJl flapty frjJrt jlT.l^Jp 

.f.J 50 flp Jl :> jtf ^ j*^ 1 u* 
jf—fj <Jj ?rtTa Jib* (wJlt 4jL ^^Jbjla cw> £ii U l)Ipj-» 

L5 — IP 4— <b jA S-O*)!! ^Ujt^I j ^ikftll ^Ip J j*AnJU ^ jb ^bLo JLj 

j^j jJd 45rjlb ^Ip J y*±\ J but dUi j (^^p) *bu 
L^gi U_j tUlta^ I jib *wUr U>by Jyflsil j ^ 1537 

4-^brbla j 4_JbJl 4-J»l jlgX tdU? 4jI ^Ip SJbUty j *-/>UaJl cilfi 

*t j pr^i\ Jj 4j j-»jJ^ Lp j o%4jJiS* ^^Jp SOjJbr j ^ jo ^as-J^ 

^till 0 jjIS* J tJjJjj J JJ^ ^Ip ja b*tf)t 5 j-^b^i: 4JUp ^^Jbjld JJS* 

OL_0 j j^Jp ^^jlB sS/* ccJaJl i^l gy» jUil ja dj^j .^1540 fiP (jib) 

j ^ i^Jj J^j? ja c^jip ^ij 

.<J 4^j>^ ^Uxo jj-^ja jlTLJu iJLft 

^LJajJ^ j l yrL^ j JbtiU ^dLl ( JajJJ j 01 bu^ y> J Oi 1 ^ 

j^—Ip If* jiff 5i yJt ^L^-l y Js> jia^j OiT Ubji- j ^jJUall ^/aiiiJ i^aill 
j!--^ ^^ii^i ^jj-iJl ^ 200 jsT? OLj J ^pILjli .j-iJt ^U^-f 

j l5 —Ip j-Jaii OlT bjji J 0 j^l >t j frLtty Up JU^pI U JT 

!* ?Afcb air jj ^ j*\ ^ ^ jTj jJip 4j ^-f u jr oLj ^ jii j 

Jl ^ ^» Jj^ jOl j c^Al! ? U( OH is^ tf 1543 f ^ J * 



24 



.^UjJlj U^ljJl *Ua*tyj 

J?1 — -jSl dL£j^ 5^1 aJU y* (KUoilj 1543 flP ^1 AiUT 

^_Jp ^^jli ^oiU .Wb dUi coLpI US' jJlP *tjl tg£~i aJUa* aJ aJJi 

Jit ^, ,/i J jjAdt AjU^J C~=T iUk^ j-*J- !dUi Jbw JaS LoT 

.fl* 300 Ojjj li c£ jJUl jtJtjJtJi (t JUJ ^UJl 

•te ! 0 jJLy 500 j=? J^L 1 00 W 
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The Law of Falling Objects 
fl598 <_aLi£VI aiu, 



■ 

Galileo Galilei j^t* % a.Visrti -y> 



v'r--t': r vi;:'. 



OL-jjbJJ ILfc p)*S\ 4^jU ^^UbJt OliUsTtfl Oil Jl* .l^fcjL- 

j^-pIj5J ^jij ^j^j Aristotle 'jk-jt ^ JT u frbr ^Ji fcoaJt Uij*y\ 
t<ijJLj-i j-^jJi j 4jxjJ\ frbjsij! ^ip jj-l \JLa jJJIp uiUsTli ^JWt 
4_uJJl Oju <GJ .aT J <UJ\ jSj ^Ulf i-jUrl J jJjJ OliUsT^ 0^ dUiT j 

.L-JLil j frbj^iJ^ pip lLjJ^JD V*>L^1 

j( 4_JL* c~Pb UiT yiyjlT * y ^ Galileo Galilei j-Lte 

j * iJosll ^jUiU ft^jp LJbr js&Jt J oiSjf ol& .U *Jt£^ 

^L-jf ^ii . jJLJlP j^otJ IjJLa« jlju UJ l^i3 c^v^f gjJl j t4JljJj\£jt uuL* 
APj-Jb Lib *J j** ^jUalt aJU Ol &f 1598 k*- Ju* 

d\ «-jb \J*J ?r j3 t j^t ^Iwal ifjjJiS j- 9 ^ f .4^P ju\ OUaJ 

8*U} UIjOjI^J! JLp oryJUJi OLJJl jiJlP La ^ .lib iip^Jb 



^Ujj^i — ? ja y J ^ Jbj>\ J j-JLi 322-384) * 

l_Jlk jcju .frU-^l j t^LJl c^lk^t cjkdl c^jli c^j-il i cLijJUil 

Jl ^ap cx± 1 J jSUll t >U» jiJJl iuL-^UJ! o^t j Plato 
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\ gay Jad\ JfiM dJ^\ j Sjj^ JU^J J tfli cJ jH J jfc-*J lit Ja^ j ^jLail 

(lull a^j* s £± ji% ^ jj/ .jJJip £»f y( dUi air 

OjJ &L*-j US j£\ APj-j iai^J 4JL&M 01 dJLfc 4Jb ^kj ja j 

J a) !JJt fcjU b .UghSmt ^iaJl ^ js-j: jo jkJl jj oJbU* j-JLJlP ^^IsPl 

4_}*>Up ^ft .JL J>fi\ JJL&Jl i^laJl C~**^ JA» .tfli cijJb ^jty 

^ils-J Jjjj Sjll oJLa ^i\£o J <u*At> .jJUIp ^Lp «! jjTf» 
LUj oil jJUip JL «nijf UisJt a^Wi c~~^ Ja» .4^ 

jJb *>jl ^b^Jl oJLUjj AijiJU? 1^3 .jJJlP L)lPi)Il jP ^U]l j^ti-f 

c-J j ^jSi 4u^dlli ^ jkJ 1 oJu* cJU? j -loJ» : Jjaj Ostilio Ricci 
^ *i ij cUii uktf j>4 jk-jf Ob jj»jt Jij! ^ jS3 .dUb ^Adi ^jkJi Jj^j 

.« j^T jj^ij M£l 

.Up14 j ^sTf JiLiu 45J^ ^ ^ JLi^ Ail jJLJlP 

j j J^jf 3 j^s- UPlJb-J ojj j^Xa i^Li3 ili^b ^ 4jf 

JlJ^r^l d\i A ff diJi ^O^f *! ^ .JAII ijrf ^ i*& J* Utf 191 ji* ^ 
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^-T 432,12 ^_J» UMlt j«Jt J 5ty*5l 3p^- ^Jj 

a 9 _-.LflJi APj- J» fli* cifc- as j .(2plJu J-» 268,5) 4*LJb 9 

J Locia Bottari 4 py. Li jJ ijj^it UjUJli 
.aialb jAiiJ SijiJi ftuti ^IT ill— J«jU ^2002 (j>*~-.) J>j 16 fje dUij 
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Planetary Motion 
j»1609 ^LS^VI ii« 



:' < : .' ■ ■■■ v ■ ' ' .. 1'. 



JajJ- oUli ^ Jl jtf cife aJpj .Uli Aiyb OljtJtf cr ^iJl J jP- jjOj 

J jjJL- j v^i d\ abUsTu ellipse ij^LU^i f jgil jLT f as ( o j^p 

fLJaJl \^JlSL«j jjjl aiii jj^p ^.Jis ^ j& liSUj .*>Ui 4**JLU) ifyif 

OLJ t 2U -ijJi 4_wJU3l oljjkJl ^ 400 Jbuj <uf tyj JS 



<*uU)i cife .u^j^ J^ 1 "UJmIi LyiaJi oijUii Jj^- ^ y-Si 

ii ji jJi AjjijOaJi .ifyJty a*u>u ^ \ jj+z*>\ jjiJi 

jt^cf^S iaJa^xJl J j.Ua^V< Oj^u-I t^jiUJl OtjlJdl ^Jqa* jij aJ jf 
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28 J -f 1571 f»l_e Udf <— > ^ J Johannes Kepler ^^jia^j aJ j 

4 — <*#j I — ^ cij*-l Ai3 cijiw? 5UJ LiJj t4a ^kJ ^ j^J ^ (J*Ai>J Jjy UlP 

cJLii ^kJl J U*w? ^Ip j 4JLU aJ jJLS" ^aJl Jilp .<u5 tfJU U OlPj-» j t 

2U jJj Ja* JS ot ^1 cJTUXa jfij£f><J y^H\ USptj J 4,JJl jkLil 

j*-i*-Ji 31 — ^LUJi (luJ apU* f 1597 f Ip ^i-T Ali? 

U U»j-^ j) jSoi £ii y ^Laj ^ OlS* ^aJi j dycho Brahe 

til jy> oUJl OApUi jSutt jj 4^1601 fU- 4Jl3j Ajuj .gwjj^l 4jljil 43lf ja J^L 

.V^l Obi jAj AAUdl J jloJrt j Olla^l ja u3 

^ua— ll frUWl Aid .^j^JJl y: t JjiJl 1 ^ Jl ji ^ OlT Ail .jSott ouu 
<J y( ^JJt Friar Giordano Bruno yjyt j^jj~r > wJ 3 (lull 4J1 JT ^oJi 

^ yt^ ghjc ^UsPl jlT cSJ^t ^ll 5 j^iJl aJL* ^ JU. *UJUJl ^ 

.< r £\ j£U 4s^1 J j&U OUU j 
. J*£ flJb I fcJT 1 Aid cA^bjJl J J ^jb^Jl AjAaJI JS Jjb- UuP 

j^oLj olfrtji) a^jJi jwjbJi ja iJLft oj !Ul£ 4jyb J A-fTj^lt oljiAil : Jul! 

.j^fl APj^Jl cJlT UiTco jif j£)t 0\T Ui^3 >cr uiJiJl 

lUoio J jlAi- oLJ-1 UlP jJt^ 4JUii 0!Aj 1607 f 4Jl3UaTl ^LT jJtJ 
J jlA-Jr ^^-JUp J—JaJ J jl Ij ft OlT j .iJlAj j 43 jydl iuJl jS^ll 4^^ 
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Jjt J*>L^ *John Napier ju*u 0 j?r c^juJUSL**^^ i^L^Ti of ^ 0 Ip jlli 

.^-Ti j&J ^JJ *3U-Tt jJLf cJf jS3i 

^t) S-Hiyb Jity yjL jIju 01 .**pl930 pi* <tfL^i 

UJ_* j . JaiJ"^ 4,34 akai <u J$\ Uuj tLr *-SJi 0 jJLi 7,4 5iU^ 

20 5ai .OjaJ c-TjT jIju J>b J-uj djixa 013 oyf jlp y^L 0j£j 

^ j jddv trfSjfli OtS* 3 dJUfc ;0ij .pl999-1979 




CJl—ftSjjlP^iJl g^-t c^OiL^L-* j y ^bjJ j :(f 161 7-1550) j^b 0j*r * 
^1 -4j j-ijJl iJL*UJl j US' cAr'b c3 ^ toUpj 

jil -(f 1997-1906) Clyde Tombaugh jU jj Jb>T Aik£\ ** 

jujT fiyl sJ js i*y4 £ jjTi fj** j Uj5 Lf jT Jj t? 2006 pte JLw LSjf jijL Jbu J *** 
^ ja il <uTj&J IAU Jj^Ji </Aii» ab^l j^yi ufc JUi .Kuiper belt 
Jtp 4^>uM 4j*br «ji v-Jbc? *JlS* iJbf «dj -2 (j^-iJi J j»- j»JLa «d -1 
jl j^- Jij -3 (<Sj^ bjl js* U^JU-»» jjOJb *A£i> Jb«j <^ y-Vt 4-*-Jrl <J 

0,07 ajlxo J jJ» fl yr^\ ilaT 4iL^ &ys £^ t dJ^ J> j^Jb ^! J jJjL' JJJ 03 j 
jail -(3 ^ 0 jJU l,7_j ^uH UjIjl- J UA\ ii^Jl ^j^i <jjtf Uij) ia53 5 y 
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Jupiter Moons 
f 1610 _i>Li_£V1 <iu, 

gSr 5 — i — H , I — — — T — — I 

Galileo Galilei J^l* % htrMi & 

, 

^a^t« ^jUi cy^» uaU^Vi Cia juu tut 

iJt^i -j; J ^1— > dUJbj cUjUif csy-^ s-TljSCiJ jJLJlP uiAsfl 

l^Jts * gjil Ob jSLJLJl] jJjJl JUas-wI pJ*U j U-T IS g Jlki ^ jjJl 

.fonft * — £ Ja& ^ Ui^ jTut - ifM hjj' fUsj-f JJJl *Lr» 
.^^sJl 4jtj_T otjPi J j* jfCj j>£ ifJd j?Ji ***** ^ *M j 

ji>J jl 5Jj.br <*3jbw j JliT *>Li_T 4j jSLJb Ol_T cLUjj Jjl^a j-w? £~«iJl 

IjjLj jiff bjfCJj oL OjjiJ ^1608 fte JUjc~-I Jjf AjjSLii 

3 j-J ji o j£. ^ JL - J fUB 1609 fte y-t <^t <u*J klic 

Ju>*u«_J o jSLij J jf dLlij O j^Ll toe— 51 Jl^-bu j liiw? 40 <£ jL-J 4jiju_x5 

.4,-JbJl >SU 

ib *>L-iT jl T c-i'l jfCJl aJ ^yuj ^JLT ^Ujj o yiJ 

t j^-tJl Ob l$J iPi gjjtj ^ jSLi ^ jCi ^JlJ jjl ^^UJi h Joj A*~OJ j-JUlP 
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0 

0\ 5\ JsU^ . ji j^j jij^jLsr jb ji (IbilJ J***- US" <i CJlS" 4j 

.c*TljS*Jl C>\£ J~ Jif Olkktf ^U^Pb ji^ hjai ls%*p 

J* fcv*1 j Obi jJl j JUrl JjJj OUi t jJLJlP o j£jbJ i-u^i J j? ^ill £>\S* 
OiJ .j?xd~\ a/xS iii-^ iJLjt jJtj?- Oii ajL** AJIS*^ jS JUfcti US* .^xk^ 

<f 1610 ft* ttjj«lt (iJUIl ^J3r J^J Jlj? V U^V CJIS* £>lJdJl 0Li»i 
(iltJuT b jj( *Uip Jar j SJuLdl LSLJ jft£)t S^SCjl OUb cJb- j 

ob -JjJ*r - jJLJlp cJii i4j j^Jj J*>^ j^aJl ^uL-» M V tr* * Jl? " 1 J ^ 
^yflL—w lib APj-Jb UJr ki-j f U^ty ^w? c~j Ujlp dUi j ^^jJlJi 

^uIT telescope ) ^ J^u ^ .^t a*^ ^» tfjj 

Jp\±a ^Js> dLp C^ubi C-rt j*~Jl jP d ^Xo jJLJlP JLaUi c(^ia-Jl j JbJl ^UT 

. Jbu*!t ^ j£)b kJ. \jUii dUu cj\^ 

tJ iJ*>b>li ^ ytw Je>f}\ £ dl (cUJUJl t^j j) jkw jf UisPl UiJ 

oVi_^^\^Jl ^ c^1616 ^ .?JU? aJj^-j Oj£ V 4j:aih jl^J^i 
4.m -yiOi 0U_Jbj ja JbJbdl JaB j J LiJ * j^J ^ jlSi( jjjlaJ j( C-j ^» jJLJlP 
CJ\5" jUi^V Obj 4j 4PJ> jP djLp JlS* 4jL jr^poi t U jSLJLJl ^kJl 

,4^ij ^ j^JbJ) jw> aJS^ ^U^rt ^ ^ 

J f *^Jb>J j o jlSlt LiP jjdt ^ j^fjl^ jiJ Su^ti UTl^ 4sL- 

J — 4JL^- j^a ^^AJ U 4JLt> jJUlP cr ^l Ot*J 2^-4 (I -f 1640 flP j jJ- Ajjy» 
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t f 1992 ftP jaTt) J jty ^ j *i! 4*Ja*J* 43liUsT» j jJJUl IfwbJ Ja^OJ 

.*<Ji*^!j ^li? jp u jLu>! Up 376 t?( 




.^jdl - f 1600 (yj ji) ^Li. 17 f ji U j j J L*- as5 ^JUl 
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Human Circulatory System 
f 1628 ^Li^Vl4JL- 




y-T jl^ AJbUaj ^ ij cdL^JJ ^UiJl tAtycJl JUJ^I ^Jr ^jjjJt jl^l Ji£ 
jL djj&\ 400 OUs^Jl ^ tJLa £*j tUJUrljJ J 

a\ — yi U 5 j p~»?r J^b £~tfj> jAj j^-JaJ* O OlS* jJUaJl J>b U 

jib 5* jLT CJlT #J yji 
c^, La.lV) jljjOJl jlfl*JU 4**>L-ty j-^bJl dJi 44b jjt JjU ^Li j caJ^T< 

.djj^l a^JLjiJi jJU) 4jU f 1628 ^ ^iJt JjU *W 
4 ot_*j)i dUi ^ lui 1500 <~>$k u JJ i^sT £\ Galen 

4J 4ftU ^ OyJ jjJl J JbjJ ^Ja*Jl LJttll CJlTj . (t ^J r l J AdUaJJ 

J 4 — Ul j*>*j if 1578 h — , \ jdJiS J William Harvey JjU f Uj oJj 

AjLkJl WlP ^JliiT jcyu 
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^2^JiS\ s — JaJl 4_^l ^jjj l{ 1602 fVi a4>j Jj JjU ilP U 

-fl618fe- JjVi 

OUIwlJI uiU^Tl Jl ^ J^jJ d^rl j OUI jj-l JlkJl a*-i1j 

01 — T 4_£) j cijJujjil OUlwalt JLViC J j\ cJU-l ijvJai tJjlA J>j { .4jJbjjI* 
— f*ib 4 p j?r j tot* i Ja*d cJaJi olf U fjJl jj J ^^M* J <J-^1 J jl uXUb 

JLjuj iai^Jl ij£ OU^r- d>A>s U ^lku»J 4y** f J*J ^ ^JJ j' 

d jji ^w? j^U i?U jl J Si jjty j jyj ^Jl 0U o did c~tf jslt A& 

4_^Lfe j dUb: cJiJl ob iJ jif U OlPj- j dUi Jju uJaIi Jj <uW*t J jIa jy- 

jljJrl UyaJ aJUIS* 5jj-^ ^JiisJ U Jjla ^jJ ^1625 ^ J >U j 

j-*Jj ^Jaa.«,t (I Ait J jSlI .<Uw^^» OCai OUil 01 dUlJb ^ j^Ij .^1 jjjdl 

Ak — iiji Marcello Malpighi ^^^Jl—^ ^LiJjU ^Ikj^t I^a^Ti c^JJt 
ji 1670 dUi j c^i jjJl JjU jl^r J S* jAill aaU-i diiJb o j^w 

I y„Ql J^ji i j 43 J j^J CJlSi cAA;^ j AJUJi AJUul! Ul 

jt-Jrt J Sjuop c^Tl y j A^iwJl /Ip Jjf ^itrf (f 1694-1628) ^/^Jt* * 
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.4j jJUij JbL I^pjJjJ Li%- t (i3i JLiT ^1 Aid) A^iJ^U! 
.f 1650 ft* dii j cy! jjJl jlfM 
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Air Pressure 
f 1640 l^LI^VI 




4 jti .UllP tejsr £>lf UlfcJ <uS Up Ojjlt iJU yts* ^ H U^Jj .Li* 

#tf jJH Jaiuall j ji1 Ojj ^tJ ^li ^ Jit /j\ *Ul*Jt JU> jiw 

^ *>jt j c jJrlj j-viklJ oabr *A^*U ^^LL^yjjj ls~*U-£ UbJ cJu^Ti 0 15* 

^ILJLyjjsJ j US' ^iUIji J *ULdt <y ^\ j^iSl 

4- ^Lj^i Sbty - jjl Ji ^lj— a^-l j vacuum £i y)i f ^JJLJ Jju ui <ujii 

a_j y£ >LJi_p ^ yrl 1640 ft* ja 4JUJ1 jsft) J jSi jj^iJ fU» Jb-f J 

jJLJl i> Ojjf jJt j .4£liJl ^Jt dL» J Jjjt o^Jl ^j^Ju jj^iii (lUl^ f 

U JL/frAI :<U jIju OUjI U ^£jxsj ajjJU ^wia a JL&u»J j£ Jjfuj 

j* ^ J ' Ulp ^ if ^ Evangelista Torricelli ^M^y 

^UjJ ^llP y^t ybj t Giovanni Baliani ^Ub ylij-*- Otf <iu)lj 

jJJl P Ojj5 *l jil jw?U ^J^^ 4^all ^ jiu £jUUj ^^JUL^y jjj ^13 

^ ^ lb .^J J+~£ ^Jsb (S i-llt 4Jli Cijil J j^-Ljj *Ja-> 
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dJiA o j^jj 4 jJu frill jk-i t£ js—* Jji f 9,7j* jfl? jjJ frill j£j t Ji^r j* 

.b frb( 

- I — a *i jlaj - t-~Jl OlS* O J?^ J frill Ojj Ub jJLJlP js3l 

. j£ t a*3j tjJjU Ulf dlJi JJ ol ^brj] frljj 
£j-J-t Oj^-Jl ^^jLJ J-a> 0? J»f JJLJ jj? ^ai t UV jJLJIp Otf* jli 1643 

*i 4 — iPj cfrl — I Ojj 4jjt4? 13,5 OlT OjjS .yat Oi- dlji*** JOA^i JblUj 

30 o jL4» U jf frill ^ ^Ufy ^ 13,5/1 01 jJjJl * j**) J?;* 

.(^76,2) UJJ 

j — *j cJJUJl jJjJu (^182) fiaSf 6 A]jb ^brj ojj! ^ ^^ULJ^oj* ? 6 

Jfi j >• J 5^ jJL«ll 4A$Jl Lr *t j O jjty cJi f . jkJ 4ftk& jaiil AA$Jl 

Ji ^ j_JjJi oUji t£ Jjy uTj .5^uJJ 4*ij JJ JjUl jJjJi ^ 

.^^IJL^yjjj j-JjJ US' Ui2 -UJ1 30 J^>U ^ j**ll £l*jl OlS* j 
^ (3 j_J j c£JUi £j y)l J j*iJi of ^l ^l J ^^JLL^j jjj j£j j 

'Ofi^i ot ^JlJusjjji *J je j&\ cij J c(^» 73,6) L^! 29 <^ js-*^ j! ji jJjJi 
j_JtUl IJL4 j^iJl J ^^II^jjJ j«5 ?5^jU! jp fjJl caJL^I U !bU ^Ujj^I 
.4^j 43yJl 5idU JLp 43\jj& J jkll j^i-il jo- J OjOJrl 

4_> jjj 3jSi JIp ^^ILL^wUjjj jjSojj ci3 jj install -jJrl OlS' ^ jJl iSli U 

.^Ip^I ^ 4JL* iaPUaJl fr^ ^ ^jj J Jj cAJbw ^JDl ^1^)1 J JJUjl Ojj 
j-J-l J J— ^ jJrl J frl jil 0b 4 Oil c^^IL^j jy i5 j^f 
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JO *i ^^JUU jjAsJli .JJ* JU-I jl yjt ^jiJi u^l J J^'jJl jAr- (JUIjj 

jj j — ayi £. ui ji 1,27) uyj 0,5 yrti 'w' 

.^2003 (j-5ji) Oi J dlli j tUjftj OjUj jUflpi ,y^f> 
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Boyle's Law 
fl650 tiLSOSVi ILL* 




4— ^ iitj— * Jjt OL_T Jiii .oljUll UUi3l o^LUJt j oU yjl ^ 
4jIJj j-q-£ vJU*?" *Lo-^ ^ OL*»L»>t J**iJ ^ cOljUJl i5 L*>tjaJ 

Ifrja * j P dOPUtf oliLwft ^ I lit jUh Olji JS U jS3 j .iJUaJl S\ jll 

(iL-nll If^jil OS JL* OUjII f I* ^( l^tfw? J J^UJl Jib ^1 L^siJ! -OljJUi 

.f . J 440 JjSlt 5 jJi Democritus * L r a iJ jc? 

JUJ» £**wJU * ^ **** Robert Boyle J*j* c^jj 
ts* Robert Hooke c^jj ^ ^1662 fl* g£\ olPU^rt Jb-f Jj .ylkjJt 

. JfcLJt 4PU5jt jlJUU J^Jj 4*bJ^- ^r-^it ^Jjl .^g'oga ^bf Jby 

^ ciltsJ Sidl 0L iUiJl 5 ^ill j^b j*\ <jz\a c3 ^JLs 370-440) ^^kj j* jfii * 
I(t at- jsll -otjJLJt jt «4j ^1 jyJl olo^jJl atom a Ulr»f CyfcU AJbld j^j aJ y 
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.4kU-#! 4Jb- <y> tj*r ^J* ^ t^Jp JaiL£ kJLu JLP .4jplkll 
jwJ yj! t^j^r f JU* |»^- .Uli y^T ^(j Jjji & j.jj OlS" j£j j 

^j-J \ Jaj Us*- JJ^Utt CJlT i y^Jl j^PjJLw Oj^-T *tab*3 .<UP JaiUaJl £3j 
C)l — | <b**>tajJ JLTf US* .dJUo pi j£ c^La £^A> Jjjj 

U* cli^j 90) fljtf 3 £>lf Vj^ 1 J> *W .U 

u3 ^kJt OlT Uuj jwaiJl <J ^kJl OlTj J^laS ^ ^p(j Ijwa3 ytJl <J jkll JlT 

j*a i\\ cij-JaJl J jJjJl ^*p Jj3 ^ji! juT .Vj* 5 ^ 1 Jjk ^ 

^Js> k*jall <uk-oljj jl^r ^ ^r*^ fj4^ Jo* -j^O*^ 
jyLJt <ub ^ *Jt^i t^f Jbrjj y 4jU i^sSsS JiLJi jJjJl Ju»juwi <u( U .^i jil 

t l y>l_> JjJl tlAsJ\ j-p ^brjll J ^srlsr j5l ^^ll djj Jj^ ^13 

jjjll JoJJr\ (S j5— JH j! J o >y!AJ jwaiJi ui^kJl J* UJbr lk^ Jjjj yb- 
Ji — *5 fU-^ J 1 ^ ja jJjJl ^1 fli I jft^tj . jj-^fcl fttj^lJ J? >Uall ( ^rJ-l JbJbj 

ij_^P ^3 cJjLJl Uijj cT^^J (i^i'^ <^jUJ Jj*- 

j — ft j t43!Akjt ^ js^ Jl cOil tjii 03 jil . Ja^aJb Jjty dl Jj Jjjll 

IjjJL-jr ^ <5» Ja*-^!j dbtJait ^-brjJl <U^« <bjli ^^Ip Jj^ S^^J 
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Ja*jalU jJcIt Uji <w**»L? i? jAJail (1 jit ^c^- J . ilJWLI *t jil ^t?- JJL& 

0 ji\ f j—J I lJ jiu 4k^ ibUtf 43%)l dJLft Jjj) ^Ip jUj .<lJLp JaJLdt 

iJLJ OljUli J**fc-a1 J J *s^ty d^- <jv\ yii\ Jl3 d jili .Jjjj 

pi jJi Sylvia Earle J j) UL-» all* ti-i^la jpLfc* 
Ll* c-^-j .(j 1 ^ 3281 ji p 1000) oIjlJJ if*\**i\ ^jaU ^UJi 

.^jl^l gk-Jl ^ tJU^f 100 JaaJI ii4 iaiwaH 0 j£> tjiji 



9 
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The Existence of Cells 
f 1665 l-sLI^VI 4iuu 



L-J^l ^ dUUft .c^ jJl j *UJ J^-iUty 5JUn jji UsM jj»J 

i j*)teM i-»\jJj Jrt utflkj j&J cOUUlj oUljjJM ft-^rt 

OLJ ( L.jl^l *\ jJi J*P? fg* *UWJ Sjjtflj fcjjJr-t uiU^fi ^ Jj\ 

cr-^ ^ ^ j f 11 * 51 <3^ U aUji C=* ^ ^ Jj^ 5 ^ J* JUju^I 

.^jSLJUJ aJUjc^I J^U- ^-iJl J j&t jl^ub ^Ul jJLJIp ciyu jl f 

Sd&LHSVi til* *U uiuT 

jl 4« J }Up ^jj* OlS* U~i .a*jT 5^fl5 Robert Hooke ^ ja jj 

5\J-I iijA ^^flJi Jiilp Uu-pj Jlju 4jf U^u Ufc <uJL*J *Lp( aUJtj Ji£y 

oOJlfr ^ <UjP JLiP LLSLSJ UU j uJ^ JlT U-ljj c5 jJ^P AJldl 

^.^^14^ 100 jj^ jl ^jft Wjfr* aJ vTjU c^bu dUi dJd! j Jj? 

JJbJJi iPtJU* aJ <w~j ^ jit 
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jjA-i*f kcabr o *-byty O^UaiJ tOl* J-oju 0? t^JU AJlj-^r C*J*i 
*£13 (Jjjj UlP) ^jji-iTl 4^»Ji> jow Jj .UjU jiJl <u> US' ^Ltil 

. J jH\ y >J» ja sjjt j d\S jikJi aju>\j ijt* 

J — (SjSL* iijJiil 4-JLp iJau) ^llt Jj iijA t^l660 fip J 

j * Jr-*H\ OAaU Jjbill £t ja UjW O jb>Jl 4JLJL0 ^yrj JLP « jjflj 

(.JjfJ? 300 ^jt^JojoS ^3 ^jCjj^SLo ^ J j» 1662 ft* dj* 

IJ ft j a IJUL*. « .4 I y q 0 43 jJtlt iL&yi JJjJl c^-T jsJt iubw J 4JLju*>I j 

(lL-nU 4JL^bJl oUljOJl Jj! iJjA j^.? c^iiJl 4iJfc ^ oj^-ij^Clt 
Jbj V-O t^JUJ 4-TjU Jj^lT 4ils^ v-TijJ jitjJl ja IjJ 4fi^ Ijj^? ^ y 

cj hflli 43br 4*la3 Jj 5 jli oJLa 0 ^ 43^ & j.jj 1664 f ^ J j 

\j%>* ja Olijb jlaiJl ^tsj . j^t jjt dOjJLi djJw> 4JLku»y» O 4i j&> UJbr j3 

.O j^Jjj^a 

Jj juiwi J_ iUT ^ j) jf c^//5 ^ ^jSsJUJUb djA jlkf 

0 j — $J j! b^t 0JLA Of ^jsil 4il aiJ i-^i J .4tU^ 4V» CJlT ^jiaiJt lA* 
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dLJ3 ja j i Ju*=-^! JJ US' cJL .**\J~\ 21b- J JJ1 j-Jb iJU 
iJt Of bu* ^ ■■w^l JUsT*- iJu* J ^U3 *L^Sh *Up ^Ulo c-J>! 
*t_s^l Ji^ Jt-Jl j.U^b j i^Ul gJad ^ 1*1 b>* 1^ ^1 



4 — »Ja£ dLJi J L-C ^Ul gJr\ i-*Uj «JjJ <^aJ iJjA hyt iJ ^y JUtf ^JUl ^jJ c#. j ^ 
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Universal Gravitation 
f 1665 JsLi^VI lu. 




uSj_«sJ\ jf J I ,j j— oil j-» iJUiP £l jit cJlT i jis- ^LJl 0 jiJl ^JUm <J 

1 -j^jSll J j— jjJb ttijl jt ^UU ck-ttf Jai-J ^»\J fjLo J 

sr - U*Jt J ^jtJtf jST^II ^Ull ^ oiUrl J AJ^Mjuj jJjJ ftfto jsjo 

jij^j *Wj j+*S\ £JUl Isaac Newton jjj-j £>IS" 1666 fl* J 

jA a y S> j «.Us_Jl 4j jJLj .^O jy>lT aJ^j U^U *>L*j Ju>ju UIp 

t)t jJ^J Jls*l ^ 0 j3 jAJJl d cOIjuUtIj ^1 jji 
^5*11^ tbjJi iJIa d*t of ciu^ll MijJ^ J j« je^i 
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ftL-jj j — « Uj 4a*wx» Cwa3 U kJaib L*i jj^a j?jJ cdJi» <djP J 

^j^l JLu — j ^Jdl U t^j^l J y AiVjj^ J j^ill ju-j c^ill U J jPlWl 
Jai - Jf J ? j^ 1 J* 4 -^ ^ V**-^ Jj^ jji frUf ^ 

J U — Ibr OlT Uui :SJls)l ^aill jJb- jjjJ j^Jf ii^*AJl Ol ji~Jl J 

.2LJL-iJl j^l ^— Ip k-liJ i? jiJ lJ jJtll ^L)l O j^aJl iju J\j As*\ 

U <La ikdU It A^ULJl Cj*s3 cAAjLJl AiiSLid J*- jP ujUJl ^U)l OlS" 

lOj&l J OUjd OjJf Aid .Ul£ ^iJl A^JtJ 5^)1 0? jjjJ ^( cif^j^ tyJU J 

dL^a J-oJU) i2>! e^tu- djdj (l^-jl^ 5^)1 <Ji3 JU- J-oju) l^T 

!^ ji\ kA>.J A^lisJi cJjct ^1 Uli (5 jdJl) 

^ ^ajj oMll c-jJLjr ^ j frU-SCJU JjojJ! <u*$B 4Lt?r Ji3 j c^Ti j^Jl Jaia 
Jj~w_Jj cIiam^-j jLJw^i J*f lJp jSi ^UjJi c^t-J ^\ ^jiU-i 0! .ibT 
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^ji SjLp ^ The Flower of Kent 3 y*j i2LajjI> JjUL» 
Jpt *>) IaTj cJlT c^UflAJl S~***"J .^teJl jJa^t j^bJ- 
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Fossils 




4 old Si»- Jl J j*? Jj5 f J S t^iJl t ^ j^i aJUjJI dJlft OlJb 

4— <lJu ^jiu J-*P JiC .CM j^cdl 4aJp j SLiJ ^ Jjlj «fossil 

.£~>JJ~\ Lsr jJ jJr* jiiiJ dliiT j Ol ywdt j isui-l ^jjl oLJ-l aJLa! 

J*>L->j .yv*A\—> ^j* u jllw Otf du- 2000 y ^ 

ft t)l 1$ d jjjS— S3l JL-tePl .J— ju Jb- Jj iJ-l OlS jUii 4jLSJ CJl^ j 

L-ili cJlT lil Jl 0 j^T cjbi j oJUal OlkJtJt ^ aLM* jt* lit 

Otj— oiA Of Jl ^ Jb-f jl j£l Otfjk CJjP CM js^AJ 

.4-JUJl 

Niels Stinsen j~ — wu- j — Lj AJli Nicholas Steno jfi jfe 0\S* 
f 1660 fl* 4~ftUt Jl *rM ^ JL3j iiSjUUb j^l^y J f 1638 flp ^jJjlt 

C»L-i»Lpj3l <JL-j^J ^^JUia^l jl^JUl Jlp J _jJLJU- ^lUU 5-i>ljjJl j 
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J As*, ,/> £103 .^^J^ JiLfU I^j^j O^UaJl ^aU? A*ji> OUJ A-iJUAl j 
.dU? 4jLb jJlj 2L£ jJtdl ajUIj^ *l Ulktj ^brjl 

d_r»» oL-jr't U OtoL^.Mk^l t f 1666 fl* Q* jsTf) J j^t ^^ij ^ J 
Jl ^j.>m, --j Uj JjjJl eJJai jPiti .A^j-i^j j>jfJ Jl 4-»lj JLj jJ 

IffUSLS o AsJi. — A^t — jfi^h OlT W~j 
c«OUUi c^? «c£ jhi j&» y glossopetrae k-** oi j*c*sl 

iSjjjj ajKJl CJlT .AJb-LJl OU^jIl ^IJL^I JIp ^yc^aJl OliJaJl J l$Jp ji£ 

ji g X \\ yl* jj\ ijip U jUPl 03 j tA£Jli)l AJU j^Jl kjjkl jy»)Ji f bf Jjl jtw A3jyw 

J*-> j — *j .jj^j^i ^— Ip j^Jl ^ Ojto *!^f Pliny the Elder *jSS\ ^ 

J a^- j^L» iJbrM CM o» V Ail ^ ^313 j^La uf . J» ^aJi dU~T ^ yi 

0 j— T A]l«u-b J yti\ Jl ( < g ^aio ^Jfci Jj cA^jbu JJp J?l ^s3^l IJLa Jl^j (I j^J j 
. j-a AP C^>J ^ 0L*>\ Of lllt> j3 Olu*»l c^jiJ j^J jl$3l 

uih.t. h j ^ ImIu AfcJJi oi j«xili J^JtJ AjUttj^ j AJbr j 

C J j 1 allaP CJlT y-^l UL ^s3l tU jSLi j^Lll C*^ IfjlP UJUP .AyJaall 

4 — ji^Iai j» iili JUu JL^ts^l U ^Lp j^&u JLu^>l cA^ljjJl j^Jj Jbu .djbv 

^ j — - ^ ^Ljj ^^^s—il cju jj ^y ^Id j J j-ii j :(.f . <i 79-23) juS^I ^Jj * 
j^i-j u j-^ ^&~\ J^l :JjS <lp ^li j c« s5 «Ja)i j*ijl=Ji» Naturalis Historic 
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yj\ J pUsJt j cijJl d\ \j**a (AijJUl bJcuM 5*4*it) S^U-U ^yJrl Aji^kJl 

j—x OU as\J\ Jl 43U>i .{»1669 pi* ajUJ JJ* j 4dUi^l jSJ 

.ojJlM l~r jJ jJrl ^Ui <u^b Jil j~uJ y, .4 jail ^ ^waJl 

iSjJj tAXjyi^Jl i-^JJ Ub\T uJ^ tAiliaPj AJjwji 5jji J 

.4*»Jb^ j ^Uil 3Jbxjy ^iJLU 
L-ijj j_l 03 c^jljiJ! ^ OIjJ- ^ f2003 ft* irf>Jr^ 

.k~>djJ*S jAUU^ui 700) ^fcjlSOO 
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Distance to Sun 
fl672d»Li*Vi: 



_ — ... — — - ^ - - n 



Giovanni Cassini ^as-^ uli fc*r $< a*£Sll \* 



UUfl ft? ^1 Ol3L~it uL?- ^Lp UjJd JwUf O j&J U^d JLa-j 

flp j^ty ja£ oij ^La-£)i ^/li Ujjij cSj-jJi ^j*Ji jp 

ol .LflJl ^ ^ Ulktt ^^JJl *uJl ^LS uf .uiLfell £l ^b ^ 1859 

0 Uwall iJufc J jia uU>- J jt iulitf f 1672 flP ^li OlTj .Juykl 

J JlJ&j Giovanni Cassini ^ — y\ — t^rr f^j* y 1625 fl* bjly 

d y~ db 11 tL^r jt 43lT ja ^IS* ^Ip ^AJt ^ OUil cJlil . JbM iJL* J 

j^j—p cUlkil J 14 oUiyJi ^ ^juu *u\J Jjuj c^1668 J 

Jean Dominique Cassini <i! 
j — « 4j 5^ jJrl JlP Ijjkw b j^LJj ^IS' J^c^l t Ujy J iSUft 
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J 5 j*— £ll OU— i)l dlUTj Jj-jJlj £*/JU ^jjOJt ^Jdl OldUsT^t aJu* O^Jaj 

jJ: — J j — P <u£j . i j fc bs* APj^o JJLu t j^ail Ol j-* Jjf OlT 
jjJ — sJl OjJ A *>brj OtT i) .<ujLj xj^j Xj£> *i SOjOp o! ^^43 Jj t aJLb 

A £«J .OLl* j^Pj 0j& 0? ^UJU J 411 Jji jfcjU frJ-^Jt Ou \±AJAJ 

.f 1672 flp dUi j cUi^i dJus -yj* jJ j- ^Uij J c-*f ^^u^Jt ^jTy 

JLfli) ^^uJiJl ^.ai 5 j-iU oL*li Ju>P 5j jJa^l j 4j jjwih OlT 4jf ^1 .^^o-JtJl jP 
<bj£~_b 0Us~-A3 ^J^ ! u* Mji ^ UT ^IS" ^ Cr^A* ^ 

4 M.hfl» jo idLjl Ja^ 01 ^*>lT ^ JlT tifc j,Jaj» j 4iJi 4JL-L3 0 
Jj Jean Richer *tJ^_ij Ob- ^ s5 ^UJ» J--jt3 ^» >wj 0^ j^lt 
.g^jjb d j* ^ Uuj c4j jJrt ^UJjl Jp-LJi Js* A-^J yll UbjP J 

^LJ tJa-^Jb Aia^JJl ^tAjj tfl672 flP (j^k^pf) ^ lUi\ OlJb 
<L-ijj £*rj Ujup j.SjuJi ^ j^uJl aJI^ Jjlift Uli UU-> jj j^jjll J) ^ jl jll 0^ J\ 

^fef .(^ OjJU 149,6) OjJU 87 ^ j! idUji of O^J >T 

.(J^ OjJU 93) iaid %7 j^ac ^M^ 1 ^^J^ ciil^ ^J 01 CjjJ-I ^1 
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j!_rf 0 j£i Of otiUsTl c-* aa) !J*« (0 j-M,6) 1,600,000,000 jiJic 

.*^Jrl Olj^as) fobs- Ju^l 

wf c;i .(J** 875000) ^ Oj-U 1,4 >a £L £>U^ 

.Lj^j Ju^f 109 jiuac j>Ji\ 




dlJ j _j ^ jjiS^ yw»f Ujy Of 4JLJI CJlS' «.lla*]t ^IS" JlSS ^\ cs y-ty Jij^i * 

* * « 

dJ Ul J_U .itAJl jjJiS j (IfJi LjL3 Jjl jCaj C-*-) J jloJl J? jio>- JUjcl-jIj 
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Bacteria 
f 1680 ciLi^VI 



$ 0< iU«tt ^Ui uaLSJSYl ^ jl4 litt 

Ju& i^S\ j£jt j ^ j^Jl ^Ua3 JLp JUJ^I ji( £aaJ <b jJLJIp J^t^l US' 
£-J\ jJl JJOJI ^ jQirS jlUJi JU- OUJ^I ^ J £ULJ * ^ ^ J**^ 
OLJ iaJL-^I .0^ j< (Jb- 03 O^f jSo (I cjJJl j 4j yUl Lj^Il Jlki £ jbs- 

c^-ab J .f 1632 ft—* Anton van Leeuwenhoek & 013 0 j=jf -Uj 
^ &\ *S* J-**il a-^?U jJl oU jJUi^ ^JLftji U JUa^ j£i t c*£ jii 

jl 4^3 .aJj*- ^yuiaJ! |IUJl a] ^Lj U Ij3 US' tU-^ty AaLt j Jl A3U>J 

.4*mJ jiJl jS bu£ jJ^J CJlT 

Christian olTj .^1620 fl* loJj* c~Uo 

U\i US' . J^ili js^^i iJLfc Uip oUi'^j j^lp Jj( *i5jA o ^jj j Huygens 
.(<Uw? AJJbw Ojj^U J>b jU^brj Ob^JLP) OUJbdl AJU} Ob j!>—>j ^ ^»yW3aj 
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tj 1_« 4-Jl y 1657 flP 5^ Jj^l o jj^il J jlaJl i5 j^aJ Old J 

tOUJbJt LjSLij^a i5j^AJ Old Oyr .UjiJ AdLudi 

J j? > ft— & .3 jjgT ^sll <UJijJld l^jw? j Aj o jJJ Ja^ U*LP aL»( ol^ 

j»L_P J j.juScIl J d^bjjl AJu frU^^I dOjJLi 30^1 j 4**UP *>U*^ aJ o £~*jJLj> 
AsiUd c^Vt p**JJ U*-*> 270 UjSL-jjSL* iijfuL) Old ^1673 

c4 Up oLi^ U*r Ik^tt* i5 jf^LJ Olf ja 0 jJli o^tj Jjk *Lif ajJj 

.OJjjJrl A5b j^SL* JLaUj iJ^t ^JU jlj 

jfLS - ^ j-»f j ^ l^ji 0? jJLflJ *Lit Aj ^1 AjUI «i5 j^tfJ Old Lb 
Jj .jjb J. r ^(?7) <^fj U £^JJ c^l...0LJ^I Ot td~PtjJl cj^fl pd 
4 oUiAl jbld j^c^ ^ j£ j&\ ja b: 4j j^jj^SLa j^t> ^ 1674 fl* 

Lit c^sTi ij .(Jaiili AdU^Ti f 1674 fUJ S oUijjdl oJLa cJlT 
51—J-l dJJ_» LLic£* c 4jUj> Olf c^JJl till Ot^iad S^iad JT J (U b 
d! rfl£)l OJlA jP Ai£ Jlki i) jfliiJ Old j^j jf .5^ yfcl jyJb (^j3 •Jf ^1 Aj ^fcl 

1 obi £ tfJ OL-3 JA>J CJlT AiT'j JS\UJto f j~*>jJ l$i^> jj l^r* y cJlU^ 

J*^L-> dlli ^ ofjld c^LJaII AJUjLu ja J«J± 0? aJp OlT cbjb* OjbsPb j 
J O^L-^ Oj-iJ 0j^ •Jll^ (AjJlJ jil UUl J ^) UjwsJi a^ j AjytUl 

Jj 4JU aL'L-j JUj) is jO^ ^5 j^iJ Old 2-^1 1676 flP Jj* J I j 

JJI jLjll g-JUl iJUb jLi, .AijJf^l Ija^jJ Jj3 ^JJl cOAib ^1 ^fcl 

4— la^ Ud ^bJl Jj Akiy- Jjadfj Jj( (^jAP J*. C-sT 

-bjy j£e ^ Oi-b yp <uidj iSiJL*- a-J*Ji otuiydi ^ jujuJi jp£ 

.AiUj ^b ^IP 
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^ta)Uj UjcSUl JsS Ji-I jjoic ii\ iJjfruLJ 013 Jfc-'Jl US' .(fl856 fl* dUJU JJ&-.U 
Oli OUjJl j* (lUJl ^lasil tbJLfj p-** J* 4sJbl* to 

j — a Jyja M o j^L— ^»j^w» ^y^aS jj» Jb-I j^sj of J-i L£j( 4uo 200 Cwia 

IP j) — T( ^UUll dLisTl 1999 fl* J «2Uu^ giL*>» jfj) 
4_>U AkAJl ^ ^ - ^ 0,75 A^UJ ^<Jl Ul^Ub 3] . • 

.5^ jit £*b* jti ^ 
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Laws of Motion 
f 1687 «_iL5i£VI iiu, 

Isaac Newton j-s » afrftti ,>* 

OU ^kJl ^3 .h*iJdb\j ^iP aS" J Aft^Jt jJjJ jfy^ J^LiJ 

^JLp LuJLuLl L^Alid C~4 US" t JJL»jjiIl tfcip C~j ^Jl A~jUty 

A_J^ A* /> j A^il^JU ASUsftj jryl jiJl dij* AiL?)I \ jiJute .A~jUty ^-XJldl Ob ^iaj 

.Ia^aJLI UJty J jjty ^J*Jl jJjJ jcPt ;A>bM 

4j^JULa] otjtju J jjOJ i^S\ £}\ dl f 1609 ftp ^Ujj uiusfi jiT 

jwij abij j i^jb 4«ojy *uju)t y SjUu ^^^^ j (4>j^r c~J) 

j^j \_ ^Lii Uj^J John Halley Oj^-j ilj* o^jj J jUi .aJ 

60 Jjo JIp ^jUJ j£J J f 1642 f Ip ^jJjH Issac Newton <y j*>wl OlT 
•S -Jb-t dlf AjifclP jijj ju jl j^J.ajo^ j jl« JLjJJ J-^jU l3*Atj Av>f ^jj i^jS 

.IflJajfj LgJLJl jflJ A3^ Ai^jJLo AJlP OlTj 4^iP Jjdl J j^j 

Cj\jJij J) ^William Ayscough js^i^ f Ulj tiais o^lj J^rj jki 
j_J^ JLp j^13 j^pj ijii a;jT AwUi ^ y aUT J A^iijjdl aJ Job . ji jj 
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2L — j*U Ol j^l c->Lp JJ? Jj as) jp tl a£1£ £^ c<Jj ^ J Aa>M J^P 

AS jjw ^ <U jP JiP j .1^3 J*Ju)b ^Jfc aTjJ-Ij SjdJl ^lia iul j3 J l^rl^s ^1 

.If* i3 y*A\ J&y j\ aSiJ\ fU^I aT ^ ^1 ^ jiJl 

0 0 e f " a 

.If* £Ul» jjjl *UsH j jtftiM JJrl 

jwpU £ jJUJ t _^>- Ji)ZJJ Uji <L^P c^fli ^ yfi jll AiU AiLj ^jJlP frbr Jii 

.<«3 j-SJLl ^l^aJt jji J) J^ 1 ^ 

fjjl as aUjI U IjdTj .^ij^Jl aT^ J ^JLf jylj3j AkdUl J jiJlP 

J a. *\Jl\ hJ}\ .f 1666 flP Ji't jl aT>! J Will AiJl y j5jJ yjii 

a_jU^j JU ol cU j-^e 0t j& j-oibJU ABU^Tl j aJ5U ajc-^9 

.UIp ji^lP Oju «^Uit-L~o ^j» Principa ajUT 

.jt/iM&jf*}' Jfc^j*^ Jj?fl684flp Jean Picard fl»jp fai 

J Ajjj\3j aTj^-1 J AiJljl Olj-^ OlJ)| l^rls^f ^1 f \3 JlP jJjJ J-^ 1 j^t j 

OUjJl JIp aI j*op- ^ ^ j^l .l^I jSUJ iJJ&\ oi jtoll jsi U A^iUrl 
c^Pyj dDij ^1 687 fU) L-J^ c-AsS* jJJ jJjJ j^f ceJ^ikil ^U^ll 

.A^^JJ i-lP gytjS Jj jj Aib (la^ ^Sl 4jft O^jj 0^ jlaJl uJ^ f -**ci U 

^LJ j J jiaJi Jo ^a^- obry ^tf ja J jt 0\T ^ > ^ (fl642~1620) ji^rf Obr * 

J L_^ar 0? Jj cAJVlw-%1 yLii^jjJLp^^UjJai.djsJ^lp-JJ j^ty Of ^yJ coiUrU 

j&\ - jJU Aii; Js- ^JUl L--UijJl ^ulsT 
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Lij^J^ itf ji ^uJjiT Gary Hardwick 

c *b (LJ j3 j) L — *\i 4Pj_h £ jaJl ^jJ jiAl ^& 5 ji JJy 

cLJjjijl J jiliiji (U/j-a 62,55) u/pT 100,66 

1998 flp Qytff-) J jM 26 £yt* dllij 
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2ju tl*S\ L^uJ >Ut 

Order in Nature 
j»1735 ^L^VI2LL. 




S^a^tl JaL^Yf Jbu »itt 

Jl£_if j-j. ^jp ^jaJ lit Jl 0\T tJ JLP j*ti)1 0^31 JJ- 

*L*-ty j OLJl phi UJbr OUJbJ- CM jJ-l j OULdJ ^^L^Jt S-^V^ J ^Jrl j i^Jb 
.iiw 300 sr ^» Oju aJp J jj^yw *Uftlt Jije *ij ^jJjJi jJl j i^sJl j 

^ — 1* JJoJi ^^Uj j£s ..(«v r -J J Ju iLq-^ji» ^^a* i-l^M iis-i^ taxonomy) 

y-L-T — 4_J-1 Ob'l&t 4Ais&1 jfii^l £l jiSU SL^Ul 4s.^J Jijfcj *utiai 

1\ p jC jl cLitij .5ilP LJIp J*! U Ujj CJIT ^1 4*1)1 oOa Uilll Jjbl yjt 

£l j-JI U cA^jj <Jb jftJj pJad <yj~J f ^ J^ft=-»lj *i! *L*-f 

.4J1 j 4JU 

t>Ui)M cr u?r» jf homo sapiens f jfil f ^ ^ Jj( ^j-J OtS" 

ft 51 jj JLwasU 4»tfai jlS" US' tprimates OU*Jj)l 4Jj J 0UJ)|1 U-£»1j «J3u)i 
ij^fj 4jft-Si 4J ji c^fli 4JUU3 ^,^3 £ji Jj ^ JS* ^^ij t«3\J-l 5 

.5 j^JSJl/^Jbr j^jjj OUaAb 4-Ji ftUai jftj -0! jJ-1 jf OtJl JAp Jb-1 J) 

Of jfijJto j* OlTj t ftl707 flp Jb^Ji J oJj .ftlkub ^ jl ^ 
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5 j*— 4_iJ^ J aJj ^^43 <u£) j 1727 flP JU*^ 4**l£ cJaJl i-»jJU J>:> 
OL_>tJl CjJL^- lllkii .Jusi\ J *£j jiTS 4a*UH J cUl ^ ^j^j 
a-ju>\pt Jj ^-j—J Jisil fl728 Jj ^ f 1 ** 1 jWj 

^a—i y oli (IuJ Ojjj \J iSu j 4 ajjjxJi i^su?* AsjJbr if j -^Uj jf 
*L-jt ccijit diJi J ^ifr jcb* cJlT Sebastian Vaillant OUld OUU 

^ j *j litJb Sl&u.** iji^Jl i*JbM J UJUbU. ^1 OUUl u)^T ^ AaJ 

^j-JLp bUsPt ObLdt jj» JJbM a*u)l dJLfc c^J jJj uLwaal 4ij ^j^J j>J .j*bu 

*U yty ^ o ysil j ^^jsJl JIp 4j ^kall 4JLLH j 4s5U j <GLJ a Jjoij 

Jt j-Jp — A ^^^3 .iilJ! £j j>*j\ Jlju&j 2Li1jJ Jfiju y*Jl 43 yLo *1 

4 3*>b>-j C- ilT .4 jiiu CU JS* UL*4ij UUfrj ^jJb jAj <-3bjty J u£~*w<» 

AJbi—i^^l 43^ j frUf Up Jju Ji^J ijJlCdl j?rty J* ^j^J J^j 

J ^»L^r^ dJL-A j^y^aJ J j^i-al ^ .dJl^tj 4Pj^# J bw l^iLgi t4-JbJ* ^b-^^l 
i^U-V^ UU^ ^ JJL5J lib l^b? Jj obUt ol (JJ^Ti . j£\ 

.4*Ja]i jllP J UUa Ljy i)U Jbj 

^iJj oUl^Uji 4000^ ^fO^j^^jjJOiT t? 1735 flP J>i j 

oiTj a<a*Jq}\ ^» jf Systema Naturae *u4 ^i=T J ^LwaJi *u\ki 
t2L_jjte)l otJUll tcA^Ii ciJ^ll tiL'Ull i U ^r\ cObji^a 3^ ja baJy 
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blJL^r Ulbi oU( *Ulp 4PUs~>1 j£J j .(CM jJ-I ^ ^ j) otiUJ JJLaLsJl 

j-jJOlT pi 758 Jji^j .Uii SJtjJ-i £ijrth c3u»i c ? 1740 fl* Jj .4*~tf 
.^U £ jj 7700^ Ujj 4400 ciw jdL*jJi 

ijsrj JLSjTi JLa3 .<uusr j 4Pji jTJb 01 j*** j CAJ J5" 2 L»^ ^^^a* c^JUlj 1758 

Seqiuoiadendron j 5 tGeneral Sherman v*/ 

\ — i jt» £L .LijjiJ\^ y. J**" J ji* giganteum 

ljpyJi}\ ojj* ^fl .(OUJJ 5 jf.tUai 36) f 11,1 >*j t (Uoi 274,9) f 83,82 
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Galaxies 




J j( Ol >l J C^Jj CJIS* j .aJ ^ jUsil j Oj&J ^£>*M JiJiJl 

J bl> JL-* J f U^l SjUr Sjk^ ^1 AiUsTl jiai .5 abrM f j*Jl 

.4j\P^1 J CjIj 4iJj> 4jJU? jJ OL»lji Jj» ^ yr? 

c^j_jrJl ja bjj' ijZi j* J>S)a ub tUJUJi OisPl 

t^jSh C~*Jj cj^uuiJl c)t *UUJl ^kju iJj^f c j-i^ £*tJl 0 jflJl Ji ■ Av.o 

j> .fl655 J**jJ OUJ ^ j (f 1695-1629) OLu^/ * 

Jtij, 6\ Js. t jjaU l&y bjoi LiJ! .apUJI J Jj*uJl J^jc-»I Jj( Jlf j © OLuuJi 

jsll — fl678 t>JaH olki^il ci-^l j c^^J ^j'13JLS1 bjad\ 
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> cj» j— ^sJl j — • iiLsf oibp ij^rj OLJ jcjfi jJbrj oldLlsTl o yUtf 
Thomas Wright c — *tj ^t— • y iSj&y ^ 171 1 ft* xJy .01 yfei 

jw-^iiJi J — o JUjJLjJI Ob AjU> .£lU)l ^ j£ OlT t A^*>Ul Ap\j3j OL^b J\ 

J — o OJj it t *U-Jl J ^Ja^ ^jjsj ^ ^j^l Of CjIj Ja^ cjjy-^l 

.AiU)l OjOj U ^IJLwI ^ Aii£* 4s3UM f j^Jl 

c^t-jkdi j ^ jJi J-alT u jT jl*- a»1 ot jj»T Jid fljlA jj» c^ij ^ jit 

C*— it j f 1— 03 . j4aJi Igifcut jP 0*Jl AjjUoa CA3L«j» ^lp ^ j^cJl jj? ^ U jA j 
ui^L_^ ^ — Ip 5 Jasio Jjki f j^tJl AJu L^jnJl Olkk?xib L--P*>Ub jiacuil 

1 '£ ji3 .43%jJi OtPtiilt jj» Ji^ ^k-» JLp fj^dl AJl£/>1 Cj1j ^ jsil 

bJ P jiTi Ujf ^^uj LA9 cAaLM ^Uwl JlP Ujlaij Ol&M dJU* <^U*-1 j^p 

0? & f j of J*- j olib- a) c^- jfj . ( ».i-'- 0 J^-^ ^rj^- ^! U^ki j) ui 

.j^ yill j^w? ftfasib AJ ^ CJlT j] jp- c0^\ lAiji US' aJI jJLP ^Jl ^ 

An Original Theory on New 01 j— ^ I — c-jIj j*U?f 1750 flP J 
OiTj .(0 j£lJ *ubr j^jsii 5 a^ki) jt Hypothesis of the Universe 

.f j^dU aS*>La]1 Jup j) «5 jf Galaxy 5iaoJ Jj( 

i— -jjj Immanuel Kant c — itf Ji^uj ^bji 3 ^JUJi ^ t oi 

( f 1738 fL-P ^ jli) William Hershel JJ^ ? Uj ^iJi fjS 

80^ j! ^0P 0? J-ij^ cM U 13%P bjSLJj jcyu OlTj -UJI 

Oj) ^Ji — 'A AJjji J-^j i^- fcU)l uj^ bjjl UiT it jia-i?b il^ji tU-Jl 4^U^ 
.(AiUll ^Ip 5X»Usll J^P flU^f J ^U-Jl A?-L^ 5^ jJ ^ j^Ji ^0P 

jsLl - (^1804-1724) ^ ^j^a- 3^! ^ ^ .yUf ^jJl~* j J> j-JJ UiJ j ** 
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J*) 2029 J*1 kf ^ >* ^ i2Loj>^ ^La^ 
AiUl ^ cUj^ 5600000 £\ y» (&jJ> ^ 1070 
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The Nature of Electricity 

Uii ^ ******** u 

9 u o^nT< 2£U» JaLl^Vl ijl* jlju liU 

CJt& .UJUJl VuJaJ^ j^Uoll ^ j aikil bjiUi* plapf 0J^\ j tb jeju- 
ni j frL-j ^1 O^U* — *t j 4iui> J] A-JUJl Ol Jjt 2uU£ jj&l ^3 OjUi 

OL-Lii-.il J h~ * ^JLJl ^jjkJl jl*#AJ dUJtTj j^Ul 0 j&\ J^- 

j-J c5 _Jp lit 4 y^P j^dl J yJi Juim* J *b ^Jl c3yu OlT U JS* 
jlL_^ Jj( Benjamin Franklin ufJ&t j— i £)lf . JilS jpU>j oLW 
jpUa-Jl j jTuJl Of j5j3 ja Jj( OlTj 1746 fU- 5^br o'b ^ ojbt ^ jjj 

.4Jti Obils* O^Ji 

fr\ Lb 5* j If 5 jS Vrbrj ^Lp j5 — OJbV a-p j? JUx^b «UjUt ^jrvl&l i£ jflr? 

013 jJb ^IjJb OJbV frlP j j^jJ OlT ULP j .AJJbu OJiP *lPjl! 4Aj3 

.^'b j^-jj yuio OlT OJLiaJb ff 

cOJ— 4;Pjt UbJLljJ ^1 Lib ^Jl tflkJl LaS* AiPUl J> J) J-^/ 
.frb j-a ibl3 ibO ol ***** I^Sj: J-JLJb l^kj jJ ta^k J*rj\j 

3J ftjJl ijjISj! Jb c-mj»V 4^1752 flP *0\3>W?? ^Ui 4^j^p J^A> j 

<0 ^03 cOJb dJiftJl jJU (ijjt j Jliiib j^Jrl brbti ttW-b frlP jJJ AJU*ll 
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J] C- Ifol UT f jjJl ftb Jlfob £-q~J cJOj^ tlP A^ SLJb ^ 

j-^ 8 $.b j^^Jl *A)J * Cft* JjJj £J*bw dJJLa Aj OlA^ 

Jl J_ .sill J^L-* *b ^Jl Of J>jsi OlSj .ij\3al\ Jo^yj (f jJtit 

l^j j y Jajj-S> Jj ^bUJ y*^fl <J Jai\ Jajj U~j caJuLjL J? juT ^JbJb- j-bla 

jjilL-f fl,i-,,t» cij£ j *1jA» J outfall O jJl <5 je\±\ f jjJi JlP jjj AJbJl ^ ^31 ^jA 

C c (I j eg. J L_ *T aJ jjJi ijM J*\ j 3y. f*Uaj[ (I ,d>Jb- U d>Jb- £ 

^Jb- u Jj hua> Jjo xjjf. o^Ip] y-T y ^u- ou uT jU&t j3 

.aL'U UlTj J-sill jkUs? ftb h)j Js> jd£>\ j 

-A^JU? j ajw>J Jj Ojl jji ojiJ ! J jqIS b .^bdl olf ji^ oJb jU^Jl y lo 

.*Ja^aJb cU/tf tlPj jj» aJ 

4_Jlll Atf tijj^ Ia y> p) J C^l^CJ ^JijA^\ ^J*A\ j j ylii! j ^L^boJl 

4 JUi)\ Ol tftUJl j JPl AjulS iJuJ*}\ AJlPl ^ dfrljo ^Jlk[ ji Ail 

4 — «a> 4 — ^> ^ ^yii 01 ^ c\j jS> OlP) ji^V A^jawh JJ\ j£\ <y> j£ gwuJ UT» :%'13 AJUJ 1 
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JV^I OJifif ^\ < JPl yd\ 4ju\1 API j*\ g0&* J Mj^ ij**^ OtT 

4 — L£J ^»uJi o yli J jiy-Tj jli^jjSj ^bijlij bJji Jliut ^y-T 

.frb kJ* jlj-»f dl3 J oj1 

J £3L*J] aJUjuu! Popeye <J j^w t 3 ^jj^ j M a*. 

.4JU ^ tfU* Jl 4J jJaJl tftlaJt J j£ ^1 k-^OJl U^l £U*J iU«uJl at jll 
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Oceans Control Global Weather 
fl770Li>Li^VI ilu, 





^ ' ;§ : ' ' - 4 tlllBlillll Slf| 11111 ;: ' ■'■ ' ■' : ' : 




1p til j ^riWi JU^ 4^1 jit Ux^i or>Uh 


■ . . Benjami 


n Franklin u^^t ftrtfiHt 



.^j!A3 A-Jb AJa^l OljLJi ^ <t-*^ ^-J^i J £>^M >*t 
3jLJ a ,,r>JLj JWJiJl alii j» aL p U OU^ t juT j*- ^j* 

4 it JJbsmjj t^klilj L^iUwa AJa-il djbnJl j AJU^u/tfl C^^l) 03 j .bjjt 

J flJl J^LCt ^ J ^U^^ JUu ilj^t .hJJJr\ jj-^jJI AjU J U^l^ %>lP OlT 

LoJ* iSjA&6$ Lft^l > c**bh (/*>»^ j t ^ j aJ jjdt J^j olS" 

A-Up 2L»lji ^JLA aJLp gcsJt >( lUJt ^Lo j ^..ikl 4s-£f JLt^l j gJLM jlJ jLio lUp 

Olji J jjb j t^b ^Jl £A Ja^l OljLS JpliJ tJijil 5j1 j^- t Ja^i OljU Jla ji 

.djJ^I OliaJM JL-ij^ pJUJ Aj»U jd&l OliUsS"! j&o cjUs^-b ,£Lil ^lp Ja-£l 

* *• 

p. <Jju* gulf stream gJ^-i jU) alajy- ^ ^ jJ^ji y j^brH jJJa^t 

J L^o ^UL-P JiC Ja-il OljlJ Of JU^Tb Up J*T( A^J j . JJa-*! A^l ^ 

.^bJb cr ikJ! j ^Ldl JLp 3 Ja~J\ 

J*>U Aa^Ja^ aJo^ OIjU i j I jla^^ Jjt j^l ^JUJU^^I 3 j&JU 

^j— . jj Columbus j^jJjT syuj .^-At^l* JaJ 1 * J (^^j 

(LJ^^t) JbJJrl (lull O^Ti t^iJl j^-iJl ^)fl aJi^ ^Jl (^1506-1451) ^j^j)/ * 
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Jj u>jjl3 Je\j> s\j&>\ Js> giiM jU Jlsj J JjaiJi Ponce de Leon **J jJ 
C*p1» ^ 1769 fU- OjlJ Jj ls^Lzj J OjJtJaijJi ^oi> 

hu j*>j OjJw? OlJUb jA*Jl 

J— i* tgJ^l jLj U *lLT ^jj J OtJ-i LpU* cr* 

43JUa3 jl .jLJl iJLA aJUa* JUjij iajiy- crvi^O^ jiap- 4^1770 ft* J jl£ j 

d—>J±\ /L^JJ db-j J s^J/ J9b gjM j (f 1521-1460) OjJ ^ ** 

.p*r - kj^*^ <->U^\ Jj J*^ f 1513 ^ IjUjjIb ci-^' 

5J_J^» lS^^ 1^\JS\ djl^jf ^JUl CftKi^ cilkdj^ s-*^" 1 425 f ^ 5 J*i U J **** 
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<^-J*jr jj£>\j—S Jjai if 1773 ftp OI^qjuJlIj Ulk>^ Jjj jjjj! Jo) j> 

. jjJlkj jJl jP 4JU^bu 

* 43 Jj UtjUl Ja^l j£l JL3 OlT if 1783 flP J^Uj .^^-JkSU 

.ai jJU^ JbJL«J 4^- 3i jUl aLil Sjlyj jW^ J*^ 

-20) Vrk,., — \\ j 4**Ja~Jl 5 jl y-l Obr ^Ui jUSoi JUjJt jur* 

.iaJsi OljU <^Jb j) J*P ^13 ja Jj( > OlSj .(*****U jW 40 

j^L^Jl ^ 43*>Wl L-ljJb fjbj .l^bi fcdU-J Ujjl Jbr> Jj ijlJdl ^j 1 ^ 1 

^ Ip \ ft jjybj OllaJ=t cjIjLsJ *.Ui*J! fU**1j flUil jJSjl J oJbr jU jP 

jlL-Ji uaiP f 1814 fip ^ j?^ ^ J 

ga-J^i jL_J jp a^IsT Alexander von Humbolt cJ^/ Oji jJU^S3f ^dSi 



^Sll 3jj— iii j ^J^t cLJy J lOjJbr (juLrf AJUfiy, j \^^JJ\ <^0J OjjiJb 

.^r fUlt 6 Uj«JUu jb*Jl j**) ^li 5a?-j ^» f jSUli ***** 
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Oxygen 
fl774^L^VI 




Joseph Priestley J^j j J*\yr 



.4^ljJlU iff** 3^U $.1 jil j OVjUJl jj» ij^iji 

j — « jiSl *t jib Us^» J*J>1 Joseph Priestley y. Jkjyr « j-^ 

ilji 0*3 -Ul£ lib* Olf j^ijj dUsji U <j£Jj .^Aiil ots£Jl J 5 jjT ill (ol j&\ j 

.$.1 jil (w-jT j? 43 yea 

^i*Apl a; J^L^- oU-lid dJjJbr oljUJ 0 jy-T *Ulp e^T 

y 
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( 

OljUlt dJLA Ulj^j JjaJ aX^jll tojWt £>t jjl cfl774 flP Jiljf J 

jf mercurius calcinatus yJU h jJjli S^U J ^ *jJi 

3 — jjS S jh- i^AP J*ju*»I 1774 (jJa~i>\) <J\ ja J jty J 

mercurius — H • a^j— > <^Lp l£j=* l^J tj* jfjA 

^L^r j o jyf ^ j t< ^id 4k->i ^ d^ja^o h~&\ cjiTj .calcinatus 

*L-lb ^j->^' ^ ipjlf ArT^j W ^ *lUj ^ J*~* j*j* l^ji 

4 to yjt c i- ^r^r^ o jj( JlT .^Jj aUPlS 4j jli* j 

.5j_iU <ua jS oJi^o Ajur» jj ctlil jJL^ ^3 Lilt <jJ*-\ ^J^tyt 

JlS ^ JJU* . jtJl A^tA j^ 5JbT W£Jl J-=3 J j?- C-iUM t jjfljt J j*t=3 

.dJLio Ji ^Ijll 0( vi>Jl jUil lift jjJLii: d\ 

c ^ A^S^U-Jl aSLsJt ^^Up^\ $.1 jib \ij)Jl \X>J*r ^o^j Lid 

jLJl jil— T -sJ'jd clfu JT J I jU jfl .^Uli jUlt 0^ *lPj 

iui J djbr aJ £l3jl cij J ca5J^ 20 Jbu <ujLj J ^^Up^t ji>\ ^jj? jll 

!AAi^ 40 Cil3 dJd j 4m. L-j Jqj>\jA\ jUjl 

^ \S j . JLfcOil jUlt IJLa Jufi j) jUll» ^U-*J J^aBf jA U ^k^j yt J£ f. 

ia^*)\3 cA^I jJUU-jIl AAjA> AAif j^>j ^ <.A*i?j9» ja jJl^ «^1 jUll» tlpj ^ 
J — alSo — u-^fj 4sPl^cJi ^y ^>l cgUjjJi j^iw jft j J j-pM .4*15 J iib^jl 

i^j* — SoJl ^IpJ t4jU O 7^ .4-^AJ J ^^J^ jfrP ^k^l l^L uAJjj^- jJtiu .0l jS 
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JUu Jp yxU bLi^j LJL» «UjLj .5 ^ll oJLft 4j jJ-1j 4^1 ^Jl J&k j*-* 

Antoine ^ o\ j_Jaj( ^a— » cr^J 1 — ! c^ 8 ^ ^ ' ^ ^ 

/ji^Tj^H ifjJi <J>jj«ii Lavoisier 



Pipin cr-^jft— * c^J* 51 J ^J* ^ *^ 3 ^ 



58j jflb 8 jioifi dLi ^UJi ^5 ^Ju ±k£ Ferreras 



S $ j J J^J-j jUJi lift Of tk^ jW 0^ c H 4j» oJ y ^g: 4J*>?1 IsUail * 

) 

76 



Photosynthesis 
{ 1779 ^Li^VI Hiu, 




Jan Ingenhousz *t i* 



(lL_Jl lJL-i J* j 4_JLj! iwa^U &yjJ~ f jUlt jjOJj US' .Ojj ^1 JL~T j! 

J-ju j .f 1730 flP 4j*lJ jit iju^ Jan Ingenhousz ^j^-*! ou oJj 
l-i— • c5 _Jp ojlf f 1774 flP t#*-*Sjty ^ia-u^i ^jj* ci-kS'l 

Ojlf J) Jisil j ^ J*J lib pLJ tUJb ^ h 
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c>i UOju jJ .<lJ <d cJL» j *3ly 1777 fl* ^L-jj «j" J^^! ! 

jLsP^t ^lai J lu£l J LMjf" 500 ^ J& ^ u-'J 1 ^! ^ J 5 ^ 'Ots 1 ^ 1 J*^ 

.tllb o j^P J AJtJl j tA£U* o J oUl lalJ^J ^^ali cOUl 

t oi_Ji JJ ja gii! jUli ^ ijA JT Jj .3 otetfi j£a ^ $.Hi 

o^L>2 f ' (0**^ J% WJtJt u-** Jte-*^ UpU* Olf j! UJ Ja£ OlT 

j^aJbxi j j Q&!L~Sj*i\ 0L*i)M JJLbumJ .43L£^S*I j JU£ ^ jlgJuAit ^jij&Jlil 

Ol jUJI C-fiti 3} .U IPjj aJUa]I OttlJl ^ U~j tOjJ^Jl JL^Tji ^ti jj» 

.Ojj j£)l JL-^T j! ^ti £U> j jij^T jty j^sf c j-iJlT CJ\& .4JL*il ^^^ju 

j— « 0 j ,o A w ya OL*T gad till J Sjj*jit OUtJt CJl£i .aJ l^Uxwt j^So j^Tt 

IjlP C^sit t jXdS j^J^S ty* Jj lib OUUl Ci2i UJ^P.u^Ut ^\>l 
f J— £ Ujw j^u*ilj c ^^ Jl frjjp j^ip jUll ^bil ^UsPl jtj^fr&l jfo 

IS) bji\jA 5^dl j^Laub (o-^ j' jj) SJUJ^r iLT iuSl oUlJl ^ijj 

J jjJrl j*Jl g^u-ti .OUJl ji Ijibf Lt AjjJl Jii3 jl il t(0 jy-^l jJp 

frijil j^a <^jJ.j^Jl JL-*^ j? Jb^L tOilcOULjl jij^j ,j.^tJl frjjp djJ^flja OULdl 

.^^JiJl j^p i j^jj dJUJ^- kffS j 8^U Jl aJj^j 

\ k dJjJ^r iLS" d^j OUVJl 01 Uaj^a t^jJaJl tVJl LUp ^jl^Juj cA^I 

^1779 fl — * A^Jbi jjjj .^^^Jjl frj^P ^0 0 jJ.j^ll ^r^J^ ti^ C.j.^l «frljil » 
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.«oijt Js> ojif » cjf Experiments Upon Vegetables *W 
cjpJiyi JLad <*« { jjjal\ 0* ^Photosynthesis u( 

.f jJb (fUit 3) ^ 91 Jjb* £MjjjM £ljit j^J t^Lflj^a JjU>» ^ ^ 



ttr »\ -Sb chlorophyll J-^jj^i y, <£fv *JU*Ji dJL» L» isjyto * 
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Conservation of Matter 



fcftt <il&\) 5iUU i^is ? 5uiUuSV( L 



J_i «^L_iJ!»^f measurement -J» Uj: jj Jjf a^i j*^ ^ 

observation St ^ JUs* ^ju^i jj» <uJL»( olT ^ J cOjl^cJi Jbyj 

ojj-J jjj — h <u>L* o^UaiJ <«_i^>jJi» description — l<j 

.tfj-JH cJ^UJl %20 JSL&f jo^l £>t ULfc&j 4(^1 jUli ol*Mj #>i^Sj^ 

Antoine 01 j — ki? ^^^j yji jj c — fry if 1781 flp 50 J 

aaJJi Jj 4j>jJLf)!i 4*lJi o^jj {lull LJ^ 5 y^j ox^Ji ^Lavoisier 

4 Jl j cJlT oryW-^ aj»jlJL&Ji a-jj^i UjJq1\ ol .aJU^ 1 o^pUJi 
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.Ij^ti £lks~-l lilt ^1 ^U^l 

Ojj-Jl • J>L^f t j #Jb JjjJt ^tJ JUU j cJjjj h jZ dilPl Aijl jd^ j J 

£—>J f .^jj ^llj JfJjJt ^1 j-a 4iT JU- jJJLoaJI ^ Ojjiw* A^JW? .Jb'l jJt 

Ja_?*Vj .l^ggw Oajj JJ ^Jl ^xjLaII j) JjjUJl djj ^li .JjjjJl J>-b 

.<uj^ J Uli Jj^j ci^j US' 

|l .Oj.br j> Aijj ^13 f d jj^ >V itfih 

£is*> J J] toj* 4i; ^Ji j ^ u £^Aku*i *j>ji J jUi . Jai i& jJ\ ojj 

*t jit j 1^1 js*t ijji lijj J jyl j\siqI\ isxJup £*~*£\ JUP JUJbr ^ ji 

*tjil a-^Us^V *tji! jj» OlJUbr OUl^p J>-^ jJ\ Jjs>j . (J J&\ aJsA? O^&J 

*l j it AjjaT O-jAJ j£)j .jjJUaiiJl jja 4?wjL^ %Jtt^ya 4j j^cJi Ajjl 

gs^-li .(ijjoJl J>-b tljit Jl3r» ^ %20 a>krj* c^pl^Jt c^Ty J *t ji^ 
j^h ^ %20— Ii j .jjJUaaJi ^ J^Mj^^ ^ %20 

^-jjtjd^l dl_c-fj ^1774 fl— p ^^-^^ 4i^_-iTl ^iji «^iJi ^ijii » JjSj jf 

cJi j^J j cUU-T vjlf J*A> -o^lli j! -OjjJi «^\a^c^b> SJi^oU Jjjj a**! 
01^ Uji ^L- ^ L»S JpUj Ak-ij) <i*' ^^-i ^ 5^ili 
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.^1789 fie cijydi ^U-&t 
^L*5&J Sj^JV Fornax jj&t cJL^ »2Laj>i» JpL*x (O) 

>1794 



c$JLJl) gJt ^ ^bjl dUj £UaJ 5 jjiil C^l* j JJ ^ Ufc *J, glai ^JUl 

jj» UjS Alifi UJy ijf lit j& ^tj jkii Jai3 iia^- p$j> j)» : j^-iJl aJjAj UJU ^1 jJ» Jb-f JlT 
4 — like- £j( J *L*-$3l ^ ^Ij Jby j£j j 4j5£ 4j« j&M OjJU?( c JLaj j flP JUu j)l 
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The Nature of Heat 

fl790<_iLi__;ViaLu, 



Count Rumford cj/i* % ^m<H , 




S^^tt 2£Ut u&LiuSVl tJL6 Jbu (Ml, 
Caloric ^-^—t Ojj — jC-iP j^p JiU jp 5jLp ijl y-l Ol *UU)l 

j—s> aJjJ— — * ^U)t» phlogiston ^ vy j*p $^ ^j?r ^J^J 

.0 js-^r ^UJl ^ lfu*i OUab n\ y»l 

jy>l_*uj _0 ^Ip ^yJl frbr jp- cljtiT *b j-ill f jIp f-tfJ cilaP j t(jl aJLp 
fj— * -£\ j oL-il oju* (Ja*i c^jj^j cJ j£Jl *u^ii ^t>\ ^JJl t £) ^ jj 

J J^jo (UIp 37) Count Rumford ^jj^j cJ £>lf f 1790 J 

J — *p cBenjamin Thomson 0 j~« — *y (%-^ j-iUU jUy ^ 

."ajjkj cJj^li Jl «-f ijw ? 1790 f Ip b 0 lib y cij^fj 4^ jjJi 
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.l^-b A5rjU\ dULl J UOjju frbtf A*J* jsll AJJaII jjUuoJI jfi 
0^1— *U CJlTj Jjia? d giull CJlT tjuflll l>c*r\ J j 

bjj— • OlS' £wall 01$ ctfrLP *L$f j&k^ OUf^iM dJjJb- CJlT d 

£J*s* jl£ d-JUJj ^b*- jjA^p jJufiJ .i^^lj ^AiJ^ frill ^ JjlJL^ 

WUit COlfJI 1 US' <L_ib jJULu^- 0 *UUJl 0lS"j .^JUll OUlfcu-. till j 

5 -Ufr IJ » JJ- *)U4 aijb OJu ^iloil Olj U» -Ju>-1j jJJU Silk,-- 

.lijly- J S^bjJl ^L3 AJw il$*y£ Ailtu-. L^flit ^lll JS* jJr I ja-T 

^.JLp y-^L ^ ji* JSJi ^ ^ frj* ^f cii of ^ ,1 it -jbtJi jd/J 
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.djjjl^ j CJ f Ul ljU jjjall 

jiff dU? ^iall 4jtk~* ^ yuJl L*S" CjUJ? JLdJ J CJ j&t Jjbr 
J-l J jiJ jJj 4»Uf ^ JljJ ^ Jj .<U*^H J c^" 4 V^» <^f ^ 

J j— £3 j .S ^JJ y jty ^Ufili ^ <uf <Jyuj friction f jJi <u*-*J 

1 j Sjl/-^ dJLuUrt i jjA* j CJ 4jjkj 0*-f JJUflJ jl ^1790 fl* 

ji— pA ^JlJ! tfli iJl£»^1 jAj ti sjir\ J>W\ ^ iJjtJl j 

A^i ^w^J\ i?*>L-j! OUf j.U3 iljC JT ^13 JaJLf U\J\ • 

.^2004 f Ip Columbia L^jJjT 
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Erosion of Earth 

fl792eJjl££Vl4i 




, — - 




$ 0 «tt«tl ttUI BLAZON Ijla dkjutMX 

JiLt j I «T jT 4 ^ jOy JUaJ U ^5>t JjJ) -r dJjJb- jJ- 

(i! fj*^ 1 ^ ^ bLa-rf» Oj^Pj ^jty 2L-\y oVjl^ cof .4JLUI1 Jljftty 

t—*y3j Jpf}\ jtla—o <^_Jf ^1 oLLaJl JLkflj .IfJaa* ^» aJ-I OWl^lT 

c^U? UpIaJi J j-ill u.j.hJl 4 j-i^ 0^ OUJWJi 
Of James Hutton 0 js* (tSjlAl </r jlj-H) ) £ J^j ^ 0*-**^ J 

l^J- jj> cj\£&, } \JS^\ iOiJLSJi *1 j-ii^l o^Aj J^j J-*Jl JijkJl J*r 
jf catastrophism — lb 43jj*it iu^l^Jrl 4jjkJl U cSjipLw 

4^ CJ\ I^mi ^j^l juk^ ^ LjllaJl Oljydl ^ jf Ub 
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9 

I *3tJl]t ^ \i\ <j j_J .oIpU J obi jjl c*s£ 5 jUri OUU^jaJb) jt jT) 

j>M i> Ot ^ jlT uJJb- V Of Ojsa ^3 j^f . «Ub>u> j UJ jrj JUrl C~*> jf 3 jU-t 
.1 jj If-^j toTj ^IS" j*^ Obi jj jU^t 3JULA J%" ij^j 

4_LJj 4 j^ki ^jsi? jt Ufctk^ jAjy Of A3jyw kjkj Qa2< cpt-* Of 

*tf jL^tf jLJai jj9 OjiA .Uti? y-T *^i> ^ jSl ^Ja^ ixJaJ I j^jtf Jjadt 

.Je ^±~> Js> vUit j Obi j)t j JUrlj J*>Ul jjjSj *l jj U^uJl <j jill JUiS'l 

J** — it j j^bt-j jJup ^J\a JjJL^ j! Ojai J-^?j tuL-oJl viUi y-ijf J 

. J jOJrl ^13 JLP J*jJtj ^^^M *Jj» iaisJl j ^1 t j&&5 0 ji 0 U**tf1 JbJLi 

lAtUI C-saiJ j till jU ^ cij^t tit ,iJ jit cAjyU^f ^ « jyuaJt dJU* JjjP llj 

oui; jit *JUL> U OlSU J ,*3La Jj cUa ^ t^k j*i . j^ti jjw>f ^ki Jt 

.a^lilt 

£UJL_> j .^it jjt ^15 Jt JJt U ja j u^t jJt till J jO^r OlT 

!t Ljfjt^Jt j ULJiih ( j^J j ^j+> Ujj <Xp* V* c^Jxj jxl — JJt jJL?tio ApL-^> Xju 

jL-L^t d\_^3 .lAbn^> j iLJ jrj ^j-Jj tJiJ cJ^JiJ 03 Of Ojsi jif 

bfcJL-^b 4 J jtJL^- J tfr./vi 4 jyc-^Jt j i>jJt ^ tt j^-t Ijjw <Jj^ J*>Ul d j*L*it 

.Jj^Ji Jt Ujj^ 

j^j J*j .\^a ja J5f ^ bbijj itiWj Jjta^. ^jSt ftdt otjU 

tu-»U^-j Vj-^ JS" J IjiJ-^JJ ji? jSlt J-iJ A^tJsJt ^j£3 , J*>yi j^jJt OjA*- SjjJjJt 

*i 0 Jj I j— * ^jlP dLJt ji tji^A j cl^U iS (Jjfi CJ- JZA* Ij^-t jPr A^j\j 

.Olitj ^bjjt jAtA OitjA U uJjji 
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Jj liUUP j ^j^l Jj Ju*- jJrt Sjiai Ojsi tfJaaJt <JL£*T^I lJu& 

dJLjb jJLJ- f j*)LJl ^jJl ^Ull jjiOiJ i£ j-iJt L>r J-t Ul£ cJbty 

jJa — » 4 ijU-^ aUlt cff a y t \Ji\ <ju%> JJ jajujla JPLi>* 

AfeUb-l Oj* Jj£ U 43^1 QjJl J^Ull Jtf t ctfl Uf .ill* 
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Vaccinations 
fl798uiL££Vlii 





Wortley Montagu Lady j* ^jjj ao^Ji 1 atfil i ft t <>• 




S^VnU teiX\ o+a± JiUuSYI <JL* JU^ litt 

?Jbikty JJL* C~*fj Ja 

J*>*_> Ujjt OlSL- Jufij ojlii U oii cSjMj .4Jli>U jl Js> 4jj-iJ\ 

.j^^Lit jJUP j ^ £»i ^Jl ^ Jl\ 

j— * J— *lT Oj-J j J~3 100000 dJ^j ^ jJU-t bU**J Jj^Jl CJIT 

f L_P i jj j— *bj dlsJ U~j c^j-Sdi ^ 4Jlwa* ^jb cOU jjt 

JjJSt JatttJUfc^ JlAUl .5jj*jdt1 gUL*t J yUt^OjJU 25-j 1918 

^ Ot_u^ C^j J%J*>lil 5L^ oJUif d^- cOb^AkJb JU^*il lift Ji^y .*j*jlt 
15 o I — a Jjp Li!* Oj^Jlj.fjJl l&^»t Jbakf .blip J ^1 j SUUll ja li OP 

.b&£ U? y 

Lady Mary Wortley Montagu jPL^i ^^-Jjjjj ^jU 5jl~Ji cite! 
f 1712 fl — p Lfy J J^jJJ cAijydi AjjJf^t S^pUJIj btjj jij-UHj 4juj^i oli 



89 



.pip liJibr ^ 01 ^ 

^jJUJrb oUJ 0! Uol bj Jf jJ UJ j\ U*J\ JS\ yS\ OlS" 
tJ j? jib ijttl JJLJb vAa jjfir o jjii l^u Jj^lP Sf ^ cJl& .kJl £Lb 
.ilflnh jo&jj JJLi Ja^j JJLJb wiU o ^b £ jixdl Sijjf Jb-f jcukd 

.dJU j^jJasJl iij^kj cSjjJH jJL^I JLSU; J ^jU 
J^_JI yJt olj—^U c^jU SjlJi c^Jf cfl713 flP U«k <jj li^ jp ^aJ 

Ojj — a3 cl>jU 5JL-Ji cJa^- jAjj 3jy»5 Caroline C^Jj^ Cju a ^I c^l 714 

Cuib-j jwUflll ^? jJU c£j*bM 0*>Lp j*- Ja.yAM.-U ^iJl c^jU dJL*Jl CJtSr 

51 9 jJl CJl^d jo Jr\ J JitfJl JJLJl UJS OUT 

. jll jjjJ pJ**LP 0 j^sJ Oji S^lP iiik 
Ij-Ja^ ^jJbrJJ OUjji ^JAj OlT ij .^wk-ll J il^J^> JllUfc CJlS" j^i 

Edward Jenner j—^r ij^j^i if jJ^^ ^1 >1 Ja^*i t j^T Xjiw? 

* * 

L_ju^ — #\ jf J cld^tj t^jOJrb jwij f. tej ja CjLj jA d\ f 1794 flP 

j! j^r j£ jidf . jjOJI ^ 3 jJw? 0*>U? j^- ^ j-^aai JlT ^JJl ^iJl ^jJ^ 
t ^b 4i>l5 ajL^J ^ Jj^b ibU?^l Jlj j-iJl c^jJLr aUlP ^ j» jiJl ^jJbr 

.| t .j«tv,ll aJUp jl 
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bi A*wij C**b ^yoOilt j jjjJt JlP Al^o ^ JSCi 

l5 _Jp jS3 j JUbty JbJbdl oil cfcbb*- ^Jai CJlT jli jJe? 

i^pj Jpj* J *JU*li dJLft Juo jl «^Ayb> vaccination 

vaccinia Ul c«5 ^aJi» 4~J*i kiT ^ vacca ^ai*i .f 1798 ^ *^uU3 

**c£ jJL-Jrl aJ»j! WHO UUJl 4*wi)t 4-*ku cJLp! ,2Ltfj^» #U> 
j£ ^gU ^jui? AJb- 4jf OlkJLJl joti |I ^U]1 dUi Jb»» *J jii 



<S^ Jfl >-» JU«-»t 5 Jj jCJi ^ fl OL JLis ^ jlP*Ul ^yaju v*ULa * 
ji -i jt fL_J j ^J^3l wbJt aJ\5 U ^ jUJl tla J Jtfj> U j> t Jb- iff JLp .yUl ^ jJjt 

jsli - (^^ji^j^) LuP Siji J0j> j JUbV< 
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Infrared and Ultraviolet 
f!801 j 1800^Li^VI2Li^ 



■ 




(*i ^-l cJ-) Frederick Herschel &kjMj % h&JSX\ 

\ ~ . 



£UA}I ^-j JW^I J] ^1800 fU- U*-f J J^i (I U-^j c^j-Adl #^2)1 

J j_J j *tj <J-\ cJ- AJti^l vJUsft j .LyJi gyJl jlJbJ i£j}\ JlkJl 

^PU— A^i ciJaJt ^1 * j^aJi *jJ&- 4uJUll ij^H Jl# iL^^didl 

.UlP 4*Ab *A#yt j 4j»jj01 jll Obr j* t^UTL 

& ^£ lb 4^l^l ^A&Jl d J^T? J-a U jS> j CJ\ j^JJJj &j~S\ OljliW? J^P 

^ Ol jJti-t j jjJaJi JLOaD ^j-aJ< jl^Jrt 4JlSLo] *UUi1 JlX^\ .$.Ut^l J^j 

.f 1738 fL-P y>U 2bUtf Frederick Herschel J-^jJfe dbyuy jJ j 

.L^^lP yJ^JU^^S^ Jjf vlUJb Jj^J c^1781 f^t/>b^ 
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J*ju~_> 3^L_P dtf.j**^) frjJaJ 2u>\j* J^jfiA fjb cfl799 flP yMjU 
ObO ^ll OJU* ^iaju Aj Ja^-^Ad t^fjJaJi uUaJt *l jart j£ yd JljH OUti y 

Aj j&\ 4Jj^a)l ^ a!* JS" J>b 8jt iUL* AS^P J *Uu jU^- <^lp 4w 
J j Ul 4 5k*a jjb ^k^b djl ^U?ji Ala*-*>U jj» c***s3 .3^ ^lp 

J ijij— < £>t aJ dt^iti j jDi aaLu jlp ul*S5 cjJj j*- 

oi ?r jit ^^-Jp 4jji y ob- £&r j*^Ji Of J J^ja /it 

Lli jji jib Ujjy Jit i^jJj U^l inAty dJUb Ofj SJjJaJl 

^J-l 4*i%> ^t infrared JJi UUrM t ^! tjJaJl cJ- 
. ^■jtJa ii ^ J \i j-JLi j^-ptj UllL y-^h ja Johann Ritter JUjj *Uj 

. Urkraft cJ\ /jj^ ^ c^-Ui 3a^l j 3 jS ^y* d\ ^ 

idJL^t frl A*iSU JJij^fc 4^!^ uiUsTl jP jwj tji c^1801 fU- J 

J >£> j UT 4JU-^Jl 0*ApUJ| JLP ^^u^J^ * j^? jjU 4-alj^ ^Ip J^p of aJ ij 

.(AJU-&1 O^Usllj ^Ijli JU^ AJU^Jl OIjUsJ^ yb) 4Jb^3i frL*J3l Ji^ J 

L-ftJ ^uw?t U jA j) j^Jj! t jJaJ If^ajyu ^ J .5 ^-i^l Jj ^ aJU^ 1 

,(J\ jP yyli jj j-^U Lu? JJu 

cj .Wll JjJ JUP Sjl ^Ui Jjb j^) J tAjlLa A3yu J^jjsA Ol j^Tj 
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p frj IL^Ld dXft 43jjll 0^13 c^-.mA-Ji OjlJl tii^ kAiait iakdt 

l — 4 Jj-isfi 4iT\Jji ^ ultraviolet M^jLJt J ji yij Ju*£\ 

,t\ ^J-l CJi AftJ^l JJijyb 
*l ^J-l jULU Jbu jl^- J**u*j t^Lflj^ JPUL* (Q) 
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Anesthesia 
fl801 ._iL5u£VI Hu, 

Humphry Davy <JjaJ s 





— ■ 



^ JjJjA\ SjU^I 0 j> Jl^j UT ti^i >i oU**)t & 4a*U *r^J Oj* 

. jj^i J! UJ uj^b Jk~> vkl! ^ eJli-i 

i^U—^i fU*i» ^ AtAj*^ anesthesia jt^d\ ^\ j£*t 
8Ua all trt — >j jlJi j) Oliver Wendell Holmes > j* Je^tj 

^ J > tjb* it .(il846 flP dJij (^^1 ^ ^ySll UW^ U&feb 
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.^J*U? y ^ cAj?tjJ ^J^H J UjUaiw d jOLajj golS* Jljjf OjjL^j: 

jiJL-^dU ^jL_^j! 4_JlW,l ^bJl 0 ^ill ja 4j**j ^jU 

OlS* Humphry Davy ^ ^ oSl <J j-£Jt iJu* o^i ^ td^LM 

Sir Young Simpson 0 j~ — *w ^ ^jlIj j£->)M oJ jJt s*Js> OlT 

\— • 1*^1 ( Jb^l o£ jjjIS^Jb ja hid CJ\S* jUJl 

.HUM ff U ub«i j Queen Victoria b JjS £i a^JLIi *dfc> ^ f 1838 

jj j — Lj j% — ^ ^Jrl J U? o y-l Jbu 4- nn^ ^4* ^^Ip ^jj3jjjJlS0l Ja3b- 

J-*«— *>' Jj' Crawford Long £JjJ j> k^y. s-^^ <^ 

{\ ^L-j ^liJi yuij (I j ^b;Jb aJUaJi cH&i i jyb James Venable 

jjjj Ala*»yu> Horace Wells ^jj* OLuty ^Jyr J«^i 

jj..^ ^ ^L_ft^t j4 JJ^t ^Jrl fjf^t •(i^ 1 J*J 'Wajiy ^jia^i 

oU^ (jba^r W jla-- ^ y-T S-J? t(fl845) fbu UJUu 
William Morton 0 j-^jj* f W j yr^ ^ 4JU*Jl o AJijJi 
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.JijjJbfcjl lit jOS j 5*U v-Jb> 

Humphry Davy ^b ^ yd* ^jJbty (lull fli ^1 801 fU- ^ aid 

f dU-^-Ji ipljl ^ fcji 1$u5p( j AkjJb JUljxil jjaJiJl ja ijSAj \aJju 

.<LPj UUii j± 

4jlSb ^-U^-^l oJby^J Ja^j dU-*Jl jlP 43U*Tl ^ib 

biting the » toUJi i>if ^ SjUJi JUjc-J ^ t^Lajjl* jpL*>> 
^Jbfe — -1 ^1 ^uty j! «5-*U> J\ ji **«bullet 
olT ^11 Sy-^ll SMll ^1p ^a^dli . JUall J jjJjnJi 
jJr\ 0Lm»I ci^j! 0 ^4*11 ^Lawl Jj 
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Atoms 
f 1802 uiiLi^VI ll 





John Dalton OjJto d ^ 



(I J .OljJLJl jllP 4*ilj* j 43^** JLP tU-£il j *U jjAlI |il jail tou 

— L5 .f 1938 flP ^ cJU^Tl gJ* ifu^fe- JLp 5 jjJt fcjj Jb-I glos^ 

Leucippus ^ js-L* ^^J^J^J^J^j^r 41 J* 5 cr* 1 ^ 1 ^* <■? 

SMli c~siJ AJl^»j Democritus of Abdera \ jt&} ^^Hj of Miletus 
atom ^ jk^p\ Jl Aijiflj j& *i ^jJl dUi U&ts jJai 
J — jj jj Ut tjjLJt IAjJju ^^ij SjjJi &i] jJjJj jJLJlP' J^ju^>1 .«5jiJl» jf 
5^L^» <J — ^ jJ « j <n ;p» j( element &i) J^um»I JjS Ul& ^jl 01 jkifj 
ul~ ii Aj^kj JLp t Jb- 4jf JLp tj^jjl IjLa JS* OlT .<Jl^T^I a^o^ aJU^T 
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bjA£y\ jl^jU k±Ju> ja o { 1766 flp John Dalton d jJb Jj*- uJj 
^^^a-J i^lkj ^ ^JU; jj» AiUy: . Vl^^i apI* A*»j^ aL'Ip ia-^j LiJj 
d jaiJl dJla AjI^u .a^ OLl^ ^jOsJl j hjir\ ^ A-*»^ J k~> 20 0 jJb 

j p jijUj j^2s? t Jbil lift J S j^sT oltUJ ^JiS j ^^LJLfJi £*£b j«Jl c3 jjTJLll 

d^tJJ Ul5 £^iJ j tjli^ ^JbJ ja&J ^?-U> Aijf 0 jJb C~*P £li U OlPj-j 
cj**pLJJi ^iL-P JI j_Jrl otjl_P 1*1 ^ <uU*1 4^1801 ftp J.^jJWl 

:b1j*r li t j0£ v-L-l aJL^o f Uf *L**£jl *W1p <J5j3 j£l .AJ*U* j&p 
cA— S* c*Ai*3 ^ jty jk-» Jlp U*rj5 OUT jll l> jtf j-^UJl JbxsJ ui-T 

o Afc jn,?7 a £j\ &\ j£> ^L-C jcr Ja^aJb ^1 jp Jb*S£ tdUi 

aJjU J aJL*-T cj^ApIaj (aaU j() aJLp jjUJI A^af U JT d jJb ^ 
Oljjt b jLJsi .j** J^J ^U^l r ~J r \ ^Jj^S US ^fi y io\p Aji^lai Jj J j^^iJ 

J-juj JT J ^ J<J aL^^ ajjAJi v/^t dJiTj bu3r aJW^J' aijli 

Um< ?- n J A^J j u^J Adyu CJtT jit dlft ji 0 jJb ^u^at A^iljJl 

4 — 9jj*ll oL—S'jll cfl If** J j-a^ JT o U^r ^^p gau*j| Aiiur U jaj tOjjJt 

I ifj j o ssaJJ aL13 j^p AiJ^ olwr ^ JAja j*&s> JT o jJb ^ 

aJUju — ^1 ^ — Pj .AJU^T OUT j>9 ji j^J ^ y-f j^jUp ti^Lu ^» Jbni? ^1 lib 

Js> \*r\*£r\ ^1625 fU- \ jdUii J o-^y ^jj^r ^ — -1 i^ii-Jj^ 55> Quakers apI^- * 
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<j — \ ^ ;M Ail 111 t oU~Jr1 dJLft uu*jl «5jJJl» icyuJl M*jP^ ZJ&S 

jjr^rjjj — J>1 oijJLJ \ ili ij^Jl J* <Jj*£j ii-ji ^ H 2 0 aw ot lilt H4O2 

0 j^—a^Jj ciltsJj t j^-jjJ-jil 3ji ^ 3ji yu^t :**2LojjJb JpiUi** 
f Js^JJa^ Sji SUJfllt J 3ji j^Ti \a\ .J&~\j 0 jJj^ J y- jjJb J^-lj 
^JjO* 92 j U 92 — e 3 >^ 3»ji Jp* jjJj Uj^l 92— » 




^5-^) J>j* j* J* cSjJJl V j >! jP V & I OjslUj ^ ^ Jjt 0t ti>^ Ja) ** 

Jju h jadH as)j& Jj 0 jslb JlP .4J1 jUit Jjt 0j£J c4JIju 0\T ^JJl (01 jJ^i 
3y*jJl Jl ^kj OtT li jL*H\ Ji Jj* cA&3 Jb* Ubi j lijjf ^jJl Sybj 0^1 4J U JLi* 
cife j iAijP JJLJ jjj^l OjUl >b villi J c^Jt 0( 0 j-Jb .c-Ji J aju-Ui cJ- 
.4 713 j Oiy Ar.Ua i^^l jjiy^Sj <U> ^ jf C--^ cAJL?- ^ j*\ jJ~ A&Ji dJUb 

4 — f 1995 f\-p frtt^l ^ Ji> ? is cAJii j ^ Up 150 A*i .^jjb ^ 0! jii3t UiA 

.4— -jjp d — jkrf ji-JiJU ^JlP l^jlp Ja3b- 0 jslb j\P aU« iu^ ja ^jjJl ^^aU-l 

cdeuteroanopia Ujiij^i ^oj 01 jJS» ^p j* jiU ^ 0 jsJb ajU»J I jAJL^li 
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Electrochemical Bonding 
^1806 ifeL2u£¥t 



Humphry Davy ^ >^ $< AiViTtt <> 



Oli 1 o isjjJr OljAJl i t ft t *£l\ j-^j*^ £>t* caJ^I 

j( JUsfill j — * 4— * U Ol jAJl LSU-^Jl j-^l jS» Ob J/ij^ .i^b 
ijSi cfl800 ft* J uf .oUjjsSty - UU^T fcj*J^ ol^ji aT jUi! 

. jJaJl gla&u JlSCol j JUsTl 4jU ja £jJ ^L^l jywiJ 

Sj bull Mp(j UTiiJb^l tU-£li CjJJ-i JaM ^b Jui'l jcsii 

c(J\^a j) jjJUJUr jjj^fliP c3L£*sT1 J iJLfc <U j-a ^Us**»l J jfc^J 

£j«lt Ji jijjT J^U 5bb** ^1778 f\p Humphry Davy ^b ^jJ* oJj 

.mjji ji^ d\ jkif ^ yjl jluli Jj^i obb&1 

^ *b t j^^i <u~J jcitf J dUij Jjs-hijo J-**U Thomas Beddoes 

U a™» f 1799 flp oljUJt ^ v-^i .aJU^< a-JWi ^ £UI J Silk* Ly: 

j-i of ot& .l^iUiiub aJJJ jjjl olS jJbxil oJu j^uiJ ii^k J-aif oL 

^L-wy^l! jjjLJ >- ^ J S J* ^ J N20 jjjsJl JL-^jt jlP 
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* — Pjj .(It—j yuij 0? dj* djjb cJ- aJ JiP ^ jJS t y-T ^ yd jUit J^ju^I 
*L~_f jf j1 P ir JJ & 45 jilted Jja3 ^JaJt Of cjl^ J IJU* 4*^* 

dj— ll dJUb 4JL^ JMj 0? ^tfj idji A~S jf ^'Uj jlP ^Ip ^b oyr Uf 

^ fljb JjlLJ tUJ^a Iwj J^3^ tJupjtj .^L*Jt jUll IJLa (jLiw-ab U^t»a» 

JL^jikJi Alessandro Volta L-J y jyuLji £ ^1799 ft* J 
<Ui*w> ^b jJf ji 1803 ftp Jj .^Ull J 0L-J?l £w> ^ jU J jf du^fj 

4 ^ ^ 1 10 * *jy J^U* (4jjlkj) laJji ^ j*p tUj ^j^j *Up ojj 

Jj*"J iiis^ Oibw O .ObjtkJl ^Ip Ojb?cJl Jj <uUaAl J*- ^*b J y 

-(jK.jMj-J-ij UL^ii JJij~J» bjll. bopj ^jj^J'Si £uaJ ^tiJi 

.4jjlkJl Jajj ^JS viiijJ^ ^r&1 TL" ^b Ja^ f>1805 ft* J 

L r -~i CJlT (^'b ^ jU) AjjUaJl Ob ^bb jiti .<j y-f obj^Jl ^Lp 
.aJU^ 1 0*ApULU AJb AjtJaJU <u$3 fju Lfc ^ ^aJU^T o*ApUj 

^\ J^U bji Ub ^ tjU ^.b jy» 4^1806 fl* 4^xiJl a^j^p o^f J 

44 J\,o,<]< j j^t viLS^f ^Ip 5jJi!l AJb djii] Of dbiu U c^'b ^1 jU\ 

4_J^ ^ 4_,ui? ob 0 j— Sj Of a— i *i aJU^ 1 j^^ J 

^ b^U J*>U y-^ ^ ^ SJb oljU Ijy c4jjlf ^Ip ^b 
£jba — ^? j — * 250—1 3^ j>« oJb.br Ajj^aj 5j03 o yr 4^1 807 ft* Jj -W^ 5 
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\ y<\ * J*a*3 caustic potash (£>uyit) ^UjJt 3^u ^bdij dbjJl 
jf potassium ai—cte — ^j-JLp a_Jj& ^bu ^-fb J«-if lu^ 
Oid Sodium *fy^y*flb\ j*&S> J^fli ^JLi U*Ujj .«fja->tijJl» 

jjJ^J :^\^S ±l3pl UUJl OtiJaJl ^ i^LijjIa JjU>> 
j * 5JL_*lS f ^Jk* ^k-a al£b ^^a5? aJUalli .^kJ 1 

.c*w? 400— f JUaJ» 
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The Existence of Molecules 
f 181 1 ^Li^V!^ 



IT" — ^^^j • ij^"^ Lai «^^» imfmmr *m ^^^^w* mm w — j w» w }m 

$\ jll «J^T oJ^-tj <^j*r oijJiIl 




So^a*}* j^i JjLSOSYt \-JJt. du4 liU 

H Idp- ^1 JljLl Ji .jM* ^uty Sj^jJIj JU> J^>H\ j«(ijiJl 

aaJsJ ^ oljUll ^ IaU obL*^ *1 yri> tUUiJ ^r 1 U? iOb jj^t 
Ljja— «!l jw. ^jJaiJl ^U^SQJ i^Ull jjlil j» jj^jM JLi^Tl .^jlt 

.21^1 frU-^Jl ^jjkjj OljUlt gyl j2J UL-f dUiT j 

Amedeo j^L-Tjif jdO_^f ^uJi ^li-i MsJsN j\f 4^181 1 ^jj J 
— ^jii oi2^ , jiji^ 1 til U^cw j LJbr (Ulp 35) Avogadro 
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4_sf U_j? y Hup Uib ^ jijf jiJA jj^lT yl ^ l£j\J}\j a jJl i5li J 

^U^Jl j 0 j =Jtj> ^ j_Jl*Vl JT ^ lUj 01 ji^ll OUa OlT 

jjJLii 01 Uji» aJ flS h jppi Gay-Lussac i5u jJ-cjVp ^ y)i 

jsl ^* la^l <j*r jj-uA^ jlP oiji <#$i jijJ Ol b*-£jfj .till ^-aJ utflpu^j^^ j 

OJL-Jb Ol 0 jJb lP*tt .till jl£ jit Otft Ol^sl 0 j^st-Sjty Ol j» Jb*lj 
US' . 0J^-\j Sjij Oi*-Jj*LAl J* <jyji utfj* frill Ol C«£J A> j^tfJl 

iJ^_nJl c^ys jlP c>f jj» j l^x) 0? 2u js^sll oJLa otfb <Ubr i5U jj -^Ip Ipa j 
.as; j* ^kJi 4 y-T jip ^1 u*-ij)i yiJ 01 jJLIi ^ AJii 

4 A-J Ofrtji Jjf ja .frL^Jl Ji*- J jt-T 3UJ Ols-ol jjJl OUU OAP 

Ji j jjJLAl jja Ja-JalU jj^db As>^ 1 Jb i5U j) -^lP j 0 

Jai3 j^s) uuftl Of V! OUfcH jblf Jfttt c?jt-o U jAj ja 

j-ZJ Oil ca-& coi jJLH ^ 4Jii :a*Ji jUli ^ j£J OiT jli . ft ili jl^ j\p ja 
<klil j« jlP iaii ^ JiLii Of jUJl ja Oi^J 45^b 5^ j^- jll ol jJJl ^Jr 

5ji ju 4 JLS" «»! jJ lit* .^-1 j**dl %jcl^I iSUjJ -^iPj OjsJlai 

?«Ak*t j&\ Ol jJDl ja A* 

A3!Aki JaJi ^ Aj*y! aJT ^ j -molecule «Ai>yr» jy IS' jif ^yf 

A ikfc £J*}S\ju> ^Jj^cj f .«Akil jsll Ol jJUl j^u!l» lJL» jJ -jUll J 
0—* J ^ Ai^f J OUjjJrl j ol jJUl oLJ- a^ o jjiP ^ aSjjJi ^Js> 

C^jja—Ai #ji> ^ till hjjPr Ojs^i jJ c^yv^j^i gwji 
j^jjJ_il ji 0\i cOlijLJl OllUll Ip^ UT - ^^s^Tj^l ja 5Jb-lj 5jij 
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ti-t sS*1 i£ j i ij\ ja 4JL*-T *1 yr\ 4rfjJ? j*i jS> jaj \j&Jb 

j\ — all j-^o jj JT - ^L-»Sll c^jUit JjitfJl OUiji-l Syrj jj^lS"jil 
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Electromagnetism 
f 1820 ^L2JSVl2Lui/ 




J iJ^JJ h; Juii jLJl 4~*>L*ll tjyi U JT OlT ^1820 fl* JJ 

m i t ^Jp\ikAj (jLa l^>u5r >U."ju t<L»jJi UjIj>-j buUiaj 

u-» jjJj uT jjkJi j d**Ji 5i ^ uf JlsM j y; o*iu»-*i ^Sj^ j& 

Andre »f jjjuf Jl i-^kUjwj^^Ji Ji*- J 5ilUp tUlp JUpf *yrj 

.Michael Faraday *<£bljli J^tUj Ampere 

J f j — UJt ^ y .f 1777 fUP iljlcUJ! o Hans Oersted ^jj? jib JJj 
l_ji£*u j^l— 3 t i^u^ a*JaJ\ ^yj ijsr^ oJj ^^J? ^Jp ^tePi Ji ip^ ^JUi 

^ jui-Ji ^-fculi JJi^ ay u>i3 > ^'bjJ j :(f 1836-1775) ^ > ^jjuf * 

4- — j ^-tuiw j^ii cJ-i 4 ^>lf! Jkj* 3 ^'W (fl867-1791) <;bi & J&> * 

.a — la ^ jJUJl £jjb J c^^tf ^Jaf-f ^1 i/^jj* d > ; *t k~Jl SJL^- j ci jP .f-L*-£Jl 

aJ Ubt UJL- J^p U ijdf t ^b ^ >^ ^IbJJ opU*T J^p j ^jJil ^JUsii j-» J-Uil ^ -ul UiP 
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\jA a1j& ^Jij .iiJLit SjSJl j( ,Urkraft cil/jj^l Ji aa~Ui t*j3 

14 jj~ aa> aj^Ji oj j^r j£ <(f 1813 J) ^j^ 3 S-^ 9 

Jjfj 4 — JjUaJl (JJt^Tl cfl800 flP J .OJbH AjPjt SuJjsU A3\iai\j 

-f 1820 j 1800 ^ ^ ^ i>f»j 

^—03 .lj~Je>\jA>\ j ftb j$ ht\JS Syrj JUs-i Jl I j^J Jai3 O jJLii *UIp 
i^i ^ ^ ojJbr ajjUUi ? jUi ^tff f 1777 j 1776 ^Ip 

I jJL^ ^ ?A-~J>L*il j AJb ^Jl 3 jaJI ^ ^bjJ JJ12 ja 4Lft :^ts)l Jlj-Jl 
.Jbo* ^ J^t >_ jlj 1808 fs> Jp yl\ jJ* g£\ j/ . jfli ^ 

y( U*lp A3 o^t ^Lp aj j^bi ^^aL J^jj' 0^ 1820 fl* J 

jt 4_Jb ^^-JP j—S'jd ^ 0 6f J S~?^J* JA \£Lt US JX^J 

.uXbM ^ L J AjjllaJl ^Ip (AdU?j>) 4^J>Uli 

dLL* Jj»U^ dlf^ ciyMj 5 ^1 OjsAl caSXw AjjlkJU JU-»jjf Jajj jj3 

J Afiii 1 Jus o^Uali gw^i .AJUi dULJl j!A^ UU ^ tjU JUu-jjf j> 

.f 1820 fL-P Juf ^ - ^fit SftW oJd juolt O^i iJUb ^ri f. 

CjJL^t d j-J Jjj 03 ^b ^^Jl djU of Ui <3lS*£*i O jl^cJl aJL*L> ^ ^ti 
.cit jS'jj^^ Ji oyJi 5 jii oJLa ^brjj a] iijfj uT tl^s yb ff a^J?u1i 3^^i 

jUll Lr ^p cA^^kUll c-i j j Jji dULJ^ Jij 
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j\ —.7,1,1 ibUty *UJ ^ JUu^jjt ^ ^LJ^ 

a* ^ «^WiJi ji*Jt» j{ Aurora borealis t^Lajjia #iLa*> 
fcj^Jill L^jj! OU~Jrt flk»ji <^0J V^Uwj^T 5 

jf Aurora australis i ^> — jj s-^ 1 J j** * j-^ 1 0* *r j*^ 1 yfc~Ji 
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First Dinosaur Fossil 
fl824LiL5uSVllL- 




Olf OUI jj-l j OUUl JiUl *ki£ jluil t>l (frUJUJl j) plan* ^1 

^ Ul£ aaL^ syrj J jf ciU^T^I liA jL oifi >tr #L#ty 8 

dUJL_S" l>L^ J jf JlTj tU U jj ^j^t cJbr - £fi\ l& j -ttufil out jJ-l 

(pi jit UjLsPl J ^J^f c^waj d\ dj* ^ <S jfl^x^ fllaP ^Adl ^£P HlkJ 

U Robert Plot o>L jj ^jJf)!l c^1677 flP J .tejL* 2LV" 
I— .f jmJU1 art ^ >ty ^US J}Lp jj^LjOI JbxiJl ^JaP Juli UIp 220 
La jy* t ^jll 8 i~A?- UL UJLP J 4jujI j 8^-ij O jL ^k^- 

.U Ujj aaJUaJi j 8^1 1 ^ yry. jx*n£\\ Is^p 

I^slj tULsj j i^j ja i*£JJd\ L-ijJb ^yas^it ^JUli paleontology 4ib-Jl ^Ip * 



no 



* 

JLg A !l j»1824 flP gJ- ijk* jj-^p 5 Up j pUll £J-*J J OlT 

^r J 0 I^ u~kJl JrtP (jjtsJl fjftt jMjb JJ Up 50) f 1809 flP J 

.i— ij-lf ?l ^r^w* J-* crOa* J Gideon Mantell J*U 0 jjuLst ^ >l£)h 

5 il j£ Marry Ann oT ^jU <torjj c**ls cU Ujj oU? y> j^^i <obj J*>U- 

dJL-A 01 b^t j Olf .dlb tfJ j*- frUrf l^iP O j£P 4-j>yJl OL-ity a*bu J o^b- 
01 ^ Ifi^Li jbjUu U j&\ ja j ^>LL*H\ A&H a jn? 8jJ3» OL-jty 
jl <u£lj 4Ljb Ol jiJ ^JLiJl OUI js?Jl 5 jpxsn^\ jU^i <Jjit J-aiU 0tf .^jyw 
* j«j jjpwJi olai? Ob *Jj^f j jjjbr £>jJ-\ piy j! j3 .^5 dJL^T ULJ jl^u 

V j*H\ CJtf 1^3 j tJ-a3U Ifcip j^e ^1 5 ju^Jl fllult Jjf fllaull dlft jSj i 

Charles Cuvier £ j) jl— A j*-iJi ^ >J> ^^^l jlUJl Jl Ui>ti . a-TUb 

OJL-Jb 0L d jji) jTJbj **U! jju! 01 0L--I f 1822 f\P J-aiU ^fj 01 ^UaJ 

.UlP j^p Afttf JJ IfclP ^ ^1 dUJ J**ty jJ? 5 yu^ll A^Jl ^ 0U-Vi 
jcoi 01 jJ- Aiu^Tb J-s5U Ip^ dUi J I^Ip j* f J) 

c — Olu-t <UbJ 4jUJ 3jU»i) «0 jJo\ jP)Ib> iguanodon ^\ 

.fl824 flp j! ^jUj 

i-jwbi jj^J jjji cWilliam Buckland JUtAT^ f U j 0\T cWli 5 
j»l — p a) aJjst j -Aj» jjif ^ JLLamJ js-i iikj: O! ^s^dl j\ 
^JLJt Ajii a>( J*>Up jC^S J ^Ud Jb*i ^UiP Sjlpj ^ uiJ^l cfl822 
.(Up <J ydi 0j^ j&j UIp 150 OjJb CJjjjj aaJ^I 

a LTl uilj-J?^! ^14 0\T ^ jJl lift 0L f\Ja*Jl dJLa JU^T^ ^JL?- 

dL-c^ti t JL-^-t jjJl 5_JjU! 4_?UjI jt f \Ja*Jl c^fy jaj .{ 

- J J J*-*^ jfcj^ ^bwJi ^ ^ j» ** 
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0 

.oijj^UJl <Jl£sfl tju jijjJLdl jdjd^sl' <yMj .f 1824 
tisJj* Dinosaur jj^^J iUS" :2LajjIa jpuw* 

It jtf 111 » jjs^ljw jJLi lid cU jf ^sy^g^A »UJ 

j*\ J\» ^yS ^ jJljwoJ jsJlj 
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2U JUJbJ) j»*a*ll 

Ice Ages 
fl837uiL&£Vlliu, 




frbr 0! J\ ihAjH\ y J* jj* Oji CjIS ^jty £U Ot ju~Jl j frUiiJl £-3r 

0— ^4 { U*J^ C 1 ^ * U ^ ^ ^ i * t * 5 ^ J* 5 ^ cHJ 1 

fj$*» jr^' ^UsT^l \x& .d*i\ Up ^ US* 

JlkJt 4*u1 jj 2uJb AJIJLa OULj Jj^-mo jllP J j\ j~*>\*\ j&uj UT . jjajll 0 jyi) 

I j*- jJ jJr^ J ^ ^IsxiV j^Jb j~*lpf J-*P Ail .SJbU*- b^uiL* jlj ^oJ 

UjT jT jw 0 (? ^p kjj-l Ls Joj SjjJLJ j 

4 — J j — » ^ UiU^ Ijt jJj~r A-^jj Louis Agassiz j^jJ VlUaJ 
y-i jl l^j^ <uk jj: lJSM jL*r J 2L*£~Jl ti^yr £s>^ J*>W .Uubr liU-»f 
jL^SU yblkil J y VUj^l y>1 jiaJl JuJjA\ j^lPl Ja^ 4^1820 flP 

Obi J J kJLLM 

js— iJl yftt Obi j Uf .Obi 4*ik~* OUJ ij^-jj -U ^ CJlT ^\ 

J^J 4_jJUDrl jUSl Ob JjSl aJLajU jkd .V j£i ^Ip Wb cJi& kjULM 
< £-J\ ^ hdJ±\ jlity Ob 4jif Of U 4 0bi jjl dJUb J ^yuJ? CJ j& 

. j-Jj \4~~S\ j Obi jJl 
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j\ &H\ Obi jJ Aj ywaJl 01 jjJrl J ot*Jl£ j iiil Ol yi^ dUi Jju j-*->Ip( Ja*-*i 

0t_| Ijc^f ^ j? .4^ii ^oJUrl ^Jl fUf jfif t jt Jy> 43Uu» 5ilP -dlft AjXJJtI 

*Sl IgJi J J 3*JaP Sjyw? dJUPtj JL*^br ^ Obi j!l dJLft jja *UUJl 

. Ifebj y 4JUP jt S jS 4j( jP L^yJ 

Of J ) *i 4 Jbr AjJU^r jU( ^ ^jOj U j-^lP? jil iS jjjr j S^s* UJbu 

^_Jt jj^wJl ci> j Obi jJt O yb* Ub j i JgJt-Jl ^lit J JjMj jjTf CJlT 
. liUJ J 43^Up JL*}tar C-l jj 4j ywaJl Obi j!l 01 jO^- CJW**- 

.3 — sfcl jli iJ UJ^Jl 2L jj^I jbUl j I ^Ui j^lpt tf 1 830 ^ jpf Jfl jf J 
J Ol — 4_idf Olj—fl^ O^-j US' U Ubi jJerj Uajf ^JUa j 

.l$JbL-f IPuiy J£-Sj ASbr iifcUp ij^-j jj» Obi^iJ 4j yw^l 01 jJbM 

^ pH\ 4— J lj - ji <^Jl 4^0JH jb&J 4SjbiJl OU%dlT U 

^ j < jeoiij pijsH JT I^Jp j«u^ tf,fr- Ji j? cf 1835 fl* J .ou^i 

djt_fl)t ^ bUi .jjUll l^ijb U lj& J 43*>Lp 4j»aJbr jUb SlkiU CJlT b jj( o( 

Uajl caL-J^ ^Ult jA US* td j-^b- jp ^jJbr u& fc 

4t„'n > j j^lpf jt WLjI 4j by- OlT ihjjA\ i £d\ dJLi Je ji j 

.U Ujjf bjjf djli ciaP ^1 iiJJiJl hJjJr\ jli^l ^^aS OU*Ap ja aJp 0 

J^aiil j JJlil f&Wjjk JT ^ Of j|U d^b jl .f 1837 flP U djJJ 

j- -*Ap gJUi cjJ AJbU ijPjJ tjkij .dXubr Jejfc obUi 

J y- ^JtJUT C*J*r\ y $\ 0\iJaA\ J UjJbr Ut -bS^i jjd 

Sr*j — ^ ^ j — Milutin Milankovich J^j — C#jk* J^^jJ\ jJii 
^r-)* ^Aj *i j tgjSAib j~J C)b j&\ JJ& .f 1920 d^i j cl^jo^ 
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JJLa* Jju\ giy Jj tj\jj> g> Jfiji* <3\—jf U*u*d 40000 t* j** SjjJU 3 JJc~*\ 

^aJl fij ft I Adl 5. Up Off 0Sj .ixUrl j^a/Jt cJJb- t *laiJl J ^^^Ji jP 

.f2005 j 2003 s f\*i#*f'yjfJ 
4JWJLJI &j*f iw! t j^^l ^oJJrl ^aJl J*>U :*2Lij > k JjI^k 

j* Up f 01 500 ^ c*^ j* 1 * 5 * ^ ^ ^ ^ k^r^ 
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Calories (Units of Energy) 
fl843cAL£S*llix-i 




Sjlj-J-I j ^ j — \\j ^1 j JAJJI Jij* AJlS^I ttfl U J jydl 

Jb JLp 5 j&Ji did ?>5 jl j£l uu^j ujipu? jijkr J JjU aiydi 

.Ja*3 flP 200 JJ ^ o^t 

cils* U ttV^sj ^1 J f UJl f JLilitf JL*t (lip J j! JbJ lJUS j .3 jl >i 
JlZ t<I ^JUl) 4dUa3l Jai*- 0 ytfl 4^U^I ij/ ^Jl J yr ciUsfl JbJj UT 

.Sjl jL\ iSLoLo Ji^ jijkJ dJiT j (Up 40 Jbu 

aL*Ip Ja~j j James Joule J <f 1818 fl* «Ui JLp l~Zs> bjJ^» 

4 — P ji j_a j^i-l £*0* Jj j£ 4Jl£»i J CJlT <Udij J^r j3 4-g^» Jjt 

cSiiUi j^u^j jjt&i .iJiiiT Jiu*- jsT^H j! 

jjj— * ^J— J AJ^ &%*H\ j*~J Ala^%» 43ljj U\j 43lkJl OljL? j 
Ms^ *-r>j^ cciJLiJ toUaJl XJU 43\IaJ^ jIjla* uL?- a^U J jsr ^ 
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Of ^! ttfb £ <i! J*j* J jJLL jl ^jji ujl^ ^ uiaLj cjiT 

.y-V ^jj AdltaSi Jjj£ - ^y-f JjLyft Jj aaUji c^aJ Ojb>Ji dJU) 

3jl OUj A*JaJl ^ j5 j^-Jr al£l ^p- j^S < *UU> L& Jj*r OlT 
.5i\Wl £l y\ Jk£ oLJ- LaJaJl j aJ^ 1 

3L-J-I ^ .SjjI y Silt Jl A^lSLil ttlUl Jjj* L-ljj Jl a*U*1 Jjsr cJS 
^1— il *L-ll JLp crtjLa^l <LLJL> ^ ^13 ?As3lk) d^ ^jdl U c 03l 0 I yJJ 

ji L^isai sr >i jj^ 

j^. 4ji jk-/Si J>b Jl *i jii fli UJju .till 5jiy- ^li *u aJ *i jib 
djU_^ f j!AJi ^iSLli JjlsJi 013 jUJi 0 jili .J j*- 22 Jl J*uJi Jj-^j 
?*>L^3 <d>JL*J dUi OlT Ja c3 jl >i jJUa* Of Jltf *i jAl Ja*-* J 5^1. j)l aoa 
4_slkJl cJji oi) t( *ju .*UJ 5jl^ J cjW j&**tj* 0,285 la 3*bj Jj*r ^13 

aJ jpj?- Jl aJj5? J j5u ^ j^p ^ ^il# J*o* J jsr f V5 tc^ j*-H\ aj j^Ji J j 
^ ^aill .*lil J Jbi\£\ y m jJJ i~~>J> Jfi^ J>b fU^r^l ^ bop iai-»i .*u 
dUi J-^ Jj3 .3j^ Jl Uyr ^iSLll O^Jrl \JJt Jj^y Of 

j^>^l jUPbj .^1 J>b JJLJl jJjU J j*- JU«u-I ^ a^^ ^Jldt jSj <i 
J_53 .A^U A^ Sjly- Jl Jjnqt ^l^il JL^Jrl 01 aJj^ J ^ oil c Jitf 

.aSo ^ jpyS t JJLJl j^tu 

.Sjl^-J-I ^ Ail£w OUT Jl A3lkJl JlSJtif Jjj^ OlS^Vb OS Jj^- dJj^t 
Jl^ ^ AjjI Ailkll A^Li OlO^ j l^J LwaiA ^1843 fl^ ^ A^JUi ytJ 
fiJ — ft 0 jU*i~— j tL-^^Jl j tl—ij^l «.UIp j ^ jjl dlJi Jb» j .dJLb Ajsil^sil ^Ull 
Ul .JJj-l flUll lJUft UJ -«0*J j? joules Uj^fj ^ibU^ J OlU> jjl 

d^— ^ - «3 ^uJi» jl calorie aLju j Ju«^i o jLzaJ c$.L^^i ^UIp 

. Vjr 4,1 8 l^jUJ 50^-Ij 3 yu» 
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ja ki\&A lug Jj 43lkl\ J* ^ t^ai ^AJl Ju^t I JUS 

LaS" UL 5 yuJl ciyuj .5 yuo 1000 ^jU-j OlJb-j ^jf cOt yuj jLT 
.5Jb-l j kjJL*» 4^j^ frill Jb-1 J 0j< ^ ^-ji jJ i*j*AJl 43lkJl 

cij^t Ji dbt ^ju \JL$s cU ^Up jj^i 5 yuo 3,500 ci^f jli 
(SUjfj jejUsli ^ tji^ ij ^ .(^0,45) tJb-tj oaia ^Ubj 

.apUJi J 5 yu- 1000 J> U ij^U 



9 
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Conservation of Energy 
fl847 JaLHSVt 2LLu/ 

Hermann von Helmholtz 1 ji s> aAarti <>• 

?4^0i^l 2£Ut Cy*± JsUuSVl I OA -JUu> I ill 

dL^i y> frl j &\ J*^-J ^1 A3lkJl ^ £WiJ jm»JL^1I j frUUJl foil tJUb OpU OaJ 

oliUw^^i ^ Ub-ij jjJj AdlkJi Jai^ 431 .dbjL^j aJjJj dL"^r!j 

J^Lio j$3 .frU3T 4nM\ J Ajyfc j5r jiTty j ^Jbty Uil aJIp jlkjj Jj iZJeti fjWt J 

. j>JSi\ Jj\ Jj 2L»JLii j flu!) j!p 03 Ail? JjlIi 

f I — p UllL fiJL*jjj J Hermann von Helmholtz jsJ jfroi?* Oj3 OU jjj* J j 
j^-Jp J-tfP- c5 j-ip iLoUJl j^ju .wAJjl 5jUi JlAp JuS* J £^Pyj 4^1 821 

C. ilT j^-JH J kOiM ^ fljpf 5 j-^P tlil cJall A-^jJd a^ aJUj 

C^Jj-j aW Jj JJLcj OlT U ijdT Aif *i] t^Ul ^> ^ J cJaJi ajt> ^Jl Ai*>l jj> 

til J*P Ob AJtf} Uus£ jsJ jfJU JU 4Aj j£L~j6\ 4zaJ** 

j&\ 0lT.«A3 yta j%P 4jj5> dj3» j>» UsJLo AJUjJ j UUuT ^^W* JUiW 

4jJU ^ A3 Ik ^tf> ^ dj^\3 «AjjJ-1 ^ j5Jl» dJlA jl^j .Aijw 4iSLiu» ^3 ^Js> JLjC 
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3—^1 jJU O^.ft til j P 4*ii4l 0 j2il £Jfr J-Lu 4Jl£«) C^J J? jaJ jfJU itjt 

Jai^- fjLC OUJ AjJJ 0j& ciJti dlw J}U j 5jaJl» hjti jP 

c-j^JU Of Oji ja ^Uaj j5 U 0l£* Of OjJ Of jSo: J*p ^ ) 43tkJ I j 

.(U £)VCi Jj 

4_Jlt Jj 4 JL<i..<ll 43lkJ I Jj j«J J^aii Jl* j J*>U dUij LiuJ? UUjJ 

c«^JjJb> jl j*i-ib dXJ jj j& JiuSjl Ob i jjA 0? jJ jfrJL ft ^tias^l 

f J— JA« J-JL Of UJju .A-T ^1 43lUl Jjj£ jP <U JjLiJ ja j& tlij 

Of ^1 j 43%dl Ob aOjOnJl OU jUl! f lo3 t4Ab£ ja 1 JlA Jj jjxJI 

jf jfcfc-Ji if^J ssikli ^ijif Jj>j* sLitj* j jjjk ^b oiT jjr Ojy-Tj 4jjtjd^ 

<Sj—**iS jL" 5jlU jl^bj ^ 2u>liM <u j\^cj jUJl dJlA jfJU jjp 

J <j— 5-J If— i^J j jf Oj-* jf djl^ J j*cJ Of j& .U*f £-47 *i 43lkJl oL 

^jltj 43lUl JaiJ- 4j«>UJ| oJt A3 lift 4i*P 0L fl847 flP jJ jfJU ^f 

J .u a*ti ^ (jUp ^ikj <j\ jf) 0 J 4dUa3i oL oJ; 

tdjij—^- ctj-> c4-T 43 it c4JUuT 43 it c^JpUw c^b^T) 4il^ £j y\ but 
.OO^cuJ ^ ^ 1^3 j c(^j jf c 43lt cO 

jl3 tcr ^il ^jwjloJi diiiJl tUiP ^ jfJU L^laJ jjTVt ^JLnsJt *br Oil 
Ol-^l dJU \A j>\ t 4jjt j 4J^a3l 43lkll (O^^J) ^ ^^Jl CJlT 

j ji j-i uT uii u^^t u^u uf jiio *i oipu-i^i ^ a;u>i 

20 0 j^aP J \$~Jj dUf-o^ cr ^-iJl Ob \ jj$>\ JLfl3 ajJl ^Uip uf .4j»^LsP^I 0i jdt 
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J-tf^ ^Uty fj^ill Of lJUb ^1 .iijjJl aikJl ^ UlP lift 

L-Jl j# j^Jl fj^il 43U?J 4^ t-U> :^flJ^ JilAK 

d^bj jU U j**^ ->>jl u^jJb- <£JS \J*-\ jia 

tillaJl dUJSj OlS*^ jkU J jf ^ J* Iff 



Ut» : jAi^jj} <up J 13 .f 1851 fl* ophthalmoscope gydi jtfid apI jsJ ^J-a * 

jdLl - «jj j^JJ. JbIWI £JLl» JialU 
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Doppler Effect 
f 1848 L^LuJSrV! ajLui 




^ Ip dl — UJl n Lp J iils^li p**^ pAtj .Aj* (• y 6 ^) 

OJ P IUaJ ^jf 3Ty Olflj 4Pj-*» ^Laj tUJUJ Cj*JT* JL03 . JWi?)fl 

uiU_sTl j! did j OjuII dJUJLi f js^Jl j Ol yfcl ^^At did UT itJ^JaJl °* 

^L_c*:> Oil S IJLa Jygjc^l .0 jS3J dlUSj ddll! 

^L_l. Christian Doppler A OU-j jf jpoIi oJjll <s jU^Ji jI» £>\^ 
L-JT A&b Js. \J*r L»lS <3lT Ait Uijf C^r-J j cjL*\jJ\ jJUI 

u-^J oW^sllj oLj^jJi J DlS* Ujlp fl830j 1820 ftjpf 

.fl838 ft* 5aa*di 

OljLJaiJl oJLa cJl^.^jL^Jl <J^Jl J*p j! Jpjtf 03 apU/*>L» 30 4Pj-*» 
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Otj— J* u 

C ■ < Ubf sjJaJt Obr y j^aJ dj^&J Jjlkj j 4^1843 Jj . lyu^o gjJl 

4 ;p yUo-Jl * O j*q}\ J yj&j jt Ojijj ^*Jrl aS*^ Of U^bu A*tP h Jot 

^LJjjJi j *1 A*L*aJt c^-Jl ^fc J j*dl IAa Ol tea j 4 jfU <-J^ ji i-~Jb 
Vj » jJ> a. j ot£b jjJU ^JLJl ^fjsJi ) <UjJ1 j^UaJt *jJaU 

I* j * j*Uau~- clJUo jjJb ^tiS y-^^ f? jsJl U! .J jjty atf b ^jfu -to* y J^f 

dlfb ^Iju HWjJ JSf 

it aL'tfJi Aajai ^JkS ^1844 flp ^^j^ <^A*h ^ ti! jO* J 

aJ jju- Ajj^aJi j aj>*Ji V s1 difb ar ^1 f ar ^ 

*lp <£m« Lr &Jtj c^l jJi ^ (J jjSl) J^f yjJ ssjj jf aJj-* *^>» 
dllif Ip* -JSf 3jJ ssjj y*t a**) s-it }s ^ luu 4sf 

P j^UuJl * jJaJl lai-yd U S^lP ^1 *1 j jjji aju^JI j^Jj A*^ai jf 

U Of ^1 4 Ja_fli ^1 f ^ill 3 j^ty ol jP* J UU? OlT U~J .d-UJi f j^Jt 

UjlS I jiaj j^all ^ii .A^j^kj OLjV ^JL^cJi ci3 J 4^ jJbji Jbr J 

.O^l ^lP 

^» cjikj jiy j jjj^ jit ja Aij 4^1845 ^ Sj^jji A^jf j 

^ — Ipf a Ju jJL^i jll obUT aJp c**^f U olTj .^gup U^bol ^ 

. jlkiJl J OjT y^ilt jt^Uj aJp (Jjp bf JJLaj jj^f ^ JJLi 

-iiij — ^ L^jl Ajjj^^) j- 9 CJlS" c(Llb- dLlslI ajjj^) Jl * 

■(*■>» 
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jlkfiJl jjj^ ^JJ j . jlkflJt jijlp VjJlp cijiu gjJl *jJc1\ Oli cijp ^JLkj c aL£i 

* 4 * * 

.LgftJ br ^ ^iaJt 1^2ju A^tiJl j aT ywit 

lJL-i A3LsPl CMJLrf ^JaJI 4i j\T cJj J fl853 fl* Jjsi .4?L?- J UUoi 

J — i ^ — <*Ji js> ^ uU^ ^ o j£Ji :>ai 3 y*tf? A^Jtj j& .o j£Jt 
.ij— J\ 'p *S\ ojj lit i^p ajuj ^ac 0? ojl»uJ cU ^ 
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Germ Theory 
fl856uiL££VI 





f uwj ^ j v^jj y ask 

Pasteur wjMu-a 



p*UJl j cjT^i f bf 0 jJaP J JL-jjJ j ^A** aJ jUSll Obrti^a CJIS" j^j J 
^j-Jp 01— Si .L-*jJ b*-jti? jLS\ j jplil v-Jb- t)t ^Lll ^UpI c5jj*a3 Sjsi J 

.jcil j( fjgj o-Jj OlT c-JLM Of lilt (U jLM <b!j^ JLjio jf dJUfluJj 

IJLaj j UJj^ OlSU JS* J jv-J AiLJb Aj ^tf OUlT i5UA jL jC~«ib ^ jj cJ>i 



J) ^ L-*Ui Jj^ frijj aaJuJi oUlS3i oJLa cjiT Ai3 .ij-J-i US' jiju jp 

Aj^iaJb «A*-j h tL?-^ |IlP j^b JLisfl .^£jJjiI\j Jfi A U;i>m."J OLUjJIj 
j -o js-jl aJUjJ API ^b Uajj JJ-^Jij Uf c^l ^>S0 ^ ^Jrl c^ai ilASJl 

.JJbXjl A**kty OUtt£)l dJUb Ulj} U*P 

0* J Louis Pasteur jj^b Olf ^1865 fl* ciy- J 

^^JWl £j*alt 'J^JJ* Jj^i 1 J A-JUJl djjJJS jiJuS a1 ai-» Jj 

0\—iijir\ jA Uli uJl js5 J< j^UJ ^ AiJJl C*UlS3l frUbdl JoJji\ ja\ 
Felix Aj — i>y jAL-^i .^^JJl jinJj <-J^\ X~Jsh hy&A\ O^UU AiUill 

oJu* JjJJi Jl aJ jp*u filii djJ jm*j J3 tAP j^tl oii i^jJt d>a«Ll tPouchet 
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JiUJl 43Usfl il ^ 5jU> Aida3 ^ iJlio jcPl3 jC^b l»( 

U)b (±ilJuT b jcSJl JLp jJk^f US' yui-t jt) cAy'l&l 

oi 4— 01 oii AJbwr cJLJi aJUp -J OJU J,lJb j - 

fjJJcj iil^a 5aU ^ IftjjiP 
?(Obj/il 

J*^ ^ » *l jil c^i^J iP ^s-Mfii: Obc~jl j ^ jjUt jkii o ^jSU jxill Ll^Ji 

jU- ^1 ^L* ^ ^ £**ctf erf *S frijil J Ob jj^Lo i»f jL jcu^b 

.jijJt jJjJi aJUp 

JL_?r j3 C|t— » . J-^t j ( i 3j Jlj-Jl JJti . J»JJl aJU» 4j jJ^t C-i Uuj 

aaJjJi bjsSCJi of oUl Ufi jcu-b JIp JlT .^1 ^ij Ji>Jt jj^ 01^ 0^1 j 

^ jj ^ O j—T J (hu\±-\ b jS^JD L^r ^bilalb i-^P A^L^ j^b jja*- 

^L_^-jl! gftj-^j ^L^Jl JLlp jJ~ jsk^i .Jjjt JiU ^brj JiP ji jjuT 
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Jj villi Jjo «J jfi^ 1 j-a 3 jJw> CJ*k& Ja*-*>U OIpLj ^ j-j 

^yrO^U 320 Ai'ji J*4 Jjdi jkaJi ,21^ Jili*. y» 
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The Theory of Evolution 
fl858 ^Lf^VI 



J^WJ^jil j>J*£}jH* jjlrf«JrtA3Yl I^U 
^ ^ J^aiQ £l jity gist Ja*si t2k£l- I^Lj 



L-* U\p 150 jijjb otitis^ £L .otSi^l 5iJlj *L^ty (JLp J ^Slj 
.4JI jJ-l j AJLJl 8lJ~1 jjkjj £>jb *WU)l ^3 OL->L*f jXjtJ cJlj 

£l j £1 j-JSU >JJ p~waJl j jJl jUsW O^lij tSjV^I j L*jJji j^l 
^-j-i—j Ja£ JljJ ^ j <ubj JIp jsfty <uT cJtT .JsftiJl L- 150— ^ ^ 



3jUJ Ob^l j£l ^ jcutf JljJ ^ Aj^i aJUb Of *ij tl jjkJi Aj^Lj Ol£jU)l c3l ^Pt ^ * 
j— SJI y jL-JT jj, ;,,„:> jil t *iUilJ ^Li< cr^r* crab ^^-J ^ Ol£jUJl <Jl j&\ *l*r . Jo^il 
Jlto-N» V*>t* JLp Ol^JUJt ^ jp ^p ju- J dAb j 2008/9/16 f j* ^\3lj 

01 ^— -isi j JLJ j ^2009 fL_P^^ ju/ jiiT Ujj J jjjjb 4j>J 150-Ji * /ilu 

aJUi frlj^l jtisP^l ^ ^ 0\^JUJ» Of ^13^ J\3 j£J .«U ji Ajlil ^ f, 
~6J4jcj> X&£ jjjUl OlTj OljUsP^I ^JLi 3 ^Usjl UiP ^jycj Uj» tiiLJl 
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cUlS* f 1827 J t**\*r Charles Darwin jijjb j] jUj 

j^juJIj AJtih ^uj c ? 1831 flp ^yi.oLJ* ^Ipj LrjJ^Jri a-^ J) Jyi <u£J 
Jj l^-ibit ^ oyif ^Ji HMS Beagle Ja* ^ pi Jrt M*- ^ o&: 

\i\\A i ajL^ Jtjt jjjjb ^^uci .^r^ ^t>*> JaJ^ il^-j cojlc 

.lib- j fcjLJl Up ciw- 0t£* J UjlaU. ^1 ajLM £j j^M ^l^>Ul ^1 

j— ijjb a^-j c(f\fLiJ djij^-) jijjb Ujlj 2L«L> ^ 8^ Jjf J 

jS-^a5 y-T j , jboty ji jjf Olsi JjJl Jjjt OHj -<J^^LJl ja jJ&& js> y 
j) 0 i~\ j&iUflP ja 3JUJbr Ajuj! Jbrj US' .Jfi)i\ c^Uxpi ^Js> Cj\sL jyJl 

.Ujjl J I^lojaP Ob jP aaL* jib. jJUaJi 

Jjty <xr^ J dLJij (j~**?r ijijpr) ^jpttfull jj* dJtt J*Jt cJUj 
J^_Jj OL-jJ ^ jo /Sj iijy c^j^^li Ja^ Js> cUft .^1835 flp {y.y^h 

c 4 — s> jl 8* jUli o ^fe 4-Jb- j*jjb £9j 4 J^-LJl ^Ip ^jj JS* AjaUS" j 

.4 3*>UP 4 yc^» Obr ^iP C-iA> 43 yx~l\ j-Jl ^^J-t ^ h 

OJ — i 44^alll j-^Jl ObxiJ ja j OjutfS k r --t> OUaj dj^Xo CJlT 

(^^^J y-ty jjJrl J UljJaj ^ dLP a^p CjiS j l» UUfi 3 jlJU-»l ^sTf j 
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Ipjj jL ^=^-*^ JUai . 0? 0 j l^Lp Ojt^ ^1 iuAl ^Js* OUjI^JI J-* ^i 3 

^ Naturalist's Voyage on the *A£ J ^ tftfa*-^ jijjb yLi .k-all t^jlip 

.«J*Jl JU- 4*Jo ^Ip aJb* j» jf Beagle 

j*\ — « j3 ^Ua5^\ (IIP u/tflk 4Pj*# t J i\ j&f.\ J] jP ^OJ 

aj^sJl OU^UJ JtT u l$J £^>jf ^ij Thomas Malthus ^ 
jf l ^ yj \*yr Oj£ cJtS* cijt^Si jJi j-iJli cf UW i l^i^o U ^hit jp Uj^p 

.(jJLrtU *tfJl) dJQiS* jJ-t (lip 

.^Jall oUa^t obrM j c JLaU J-fcif JU^a! U-» O jjlaS ^ 

j-i^-i j cfJLJ d jj^T AaJp ^U-Lp A*if d\ Jl Ull ^1^13 AJb^lai cA-iiOl JU?- 
c^_^?f cuLj^Ii ta — 4 i^l J^» jf Ongm of Species jf^H ^bT 

X?: j] jJt ^^*U L-ljy jjkJl jP ^^laij jijjb OldL^Ti 

l^i .SjjJi out jj-i jJr ^ ^ y^Ji iub- J ijjkf c^JUflJi 
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Atomic Light Signatures 
fl859^Li^VI^, 




<yU-S* JJ* vi> JUjc-jU (^1860 fip fjjj~Jb UJb) \j~&s> Ojj-lP JL^fl 
fj— ^ f UJ3l ^^fjsJl O^J^ dLiiJl frUip Cu£o ^1 lib .5a*-!j 
U AjjJJI OtjJi cbj^l frULJ .AJjJall ^ju-Ji UjLaJ 

.~*Xjl1\ fjp&A\ A? y-j 

JJbt^lj cOjij^j ciy-jsT JlJ^l i < fLtt\ jij^dlJJ^Vl 

5j_j } C —J ^j^ld -Uajf ^ y-ty f 1 yr^l J ^j^l JLp S^j^rjH ^bJl i yrj 

J ^-i*- JT J frULdl J3 J^Lio Utf~& J*j*-Jj IS J LJU-T 

Joseph cijj^ yllVi ^^UJi ^iu^i f 1814 J+z 

J* JaU oiw jsJl £-3r J jL^» JiLio jJ^j *i j^JJi A3 It oL Fraunhofer 

U — ft J 4— *w jiuJl Jbrj Obi y JLP AJlk Oljjj* J Jj t^j-^Jl 

.UlP 40 fb Ob J d j&Jl C-ii 4jJ dyu (I U^j t <JUsS**tft 
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L-JUjJ (f 1 824 f L_p ^ ijljll) Gustav Kirchhoff ^.r js^ jsr OlT 

JLteJ^ UWSU* J*A>- .^031 4— > aJ jk jjl^CJ ^ ^Ui-Jj Aj jJ-U UaAa bOJ 

. ji — 4 **t£ aJU ^£Jl oijUl ^Ip Ajjtf ^y^j^ jS*j t j-^p O^iJl 

* 

\ — y Ja^*i 85g y-T jj-J jjJ <W?Ua^t £jb^ £ jjJL* J a!*p j 

C/tfL_i» J J JUT ^jlJ- A—jf.\ J /Jci cc^JUl gjUi ^jjaJl JlM\ J a31^ 

J A3i}Ji (C-»*jjjJt j?) ^oJt oL uiy-jjT o^rj t *uUU j £j*Ji J o^Ujj .JjAJj 
jdJLJi ^jll J jkJ lj AAjdl ^ V*^ J <^ *j-*Jl 

rAJjy^aj ilii ^ Jo; 5 a) cj j jfclkJl iJLa ja c£ j*^ UU <Jyf*j£ jZi 

*t Jp US* AijJlil A^br jj\ Obui ^il aJUL> jja l^Jl Jjb*s)l *LP 

jP j^UoJl ^U-^t J CJljj^J ^IP jjiJl ja A^Xw iJLft Ob c^j^jtT j^T !?(A3Uj 

got J aJUas »1 <£OJl S-fUld . J y\L\ j*Jl ^lP AlaiH (I Ajj ^lp 

^ .oJ jli j^lity ^U-$3l t Robert Bunsen Ojj ^ jj Jl Jl* <^3t U jp* 
AJjjaJi tUJQJ d^jk; J Up 47 jJU^ J^rjJ* tJUb OlS* ^1858 flp 

J j .A_i jsil ^bJl jp j^UoJl ^ j-iaJt i-iljJb ^yas^ fWt -(^ y 

frJ J i jUJl j f.\ jit itb 1 " AJ 031 jll iJUJbr iPji OjijJ j^Xit caJUp Jfi ju> 

jl 9- c^gL (Jjjjj 03 ^» aUjUmJ Jtjj *i c^JUl j) 03 jll 10A j^sj .(3 aJUju 

.^l ^ JJS ^ (c^U^3 a^y 2700 ^f) ajUU 

Jr Ltfr U^3j5jij .^j^Jjla a^I^ J*A^jJl ^1 ^1859 f^P J ^O*- 

jj-i ja -UiL^ia ^Uill iJLfc ^ 153 .Ojj y ^aj cij^jjT OlS* 

c3i — Jx4 Jjl i\ — — 5 J ^ — iit & — Lm3 — 3j (.Ojjj— > 03 j>» ^> c3 

i jjaJl ^ aJL<u^1i ^iUjl J y~ Ijl^ jou c^JLl! j <-*yr^ J (<-^ jy£~*>) 



132 



4-pbi- Obi jJ jP 5 jLP) AjLU I Jp jkiM aJ jJLjSI jbUjy Ojj^J vj j^j^ IJj 
U ji OtS" j./i:P JT ULlif 13 tci jjiw ^AiP JS3 (AjjJaJl 4531k j-^iP JS" U 
0 *L-> ji j-AyJl iJti vjyu t$AJ!j *Jjal\ J? jlaiM ja AJli «£j 

J_*P ^ ;P Sjljl UJaJl Jpjk^OJ U*s!jO£j JUsf* 1JL4 &*L*j> 
jty oLj Jjty Sj— Id* ja^ oi j .dilJtf cr ^JtJi yr 3 **yr y <.J>ji\ J* 

.y-T <Jjjaa ^u^T y» ^ jf uOi^J dLyj^li v-S*i j 

aj^ ^1 iJla IjU^-l) f 1860 ft* fjd>J< :U> I y 

.f 1861 P fji^J^j (<-*Uall J a~A OjJ Jj U^o 5jUJ ctU-Jt lp 



jJl.r tCi 4—^.^ ^^JUJl ^atl ll 4j( Jl5j .d> jil jjj aJ^> A^ IS jyw uiy-jjT JlT * 
Jt SjlJU)! L-a» :Ol p iS^\ j 4iLi 4 dj ^JLII ^^UJl J j-iJl iJU aaIjo 

t^JLI^ Ub» :AJ ^jA* j ABlj-^ Jl U4 ^j-»E3 c^Ui-l L-JbJLll ^ d j aJIO^ vJy- jjT 
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Electromagnetic Radiation\ Radio Waves 




v . t< _>UUj^)l £UA}1 Jl&frl -4J15 fr^l bu^ Ji£ lib Ji>^U ciUsfl 
O^iJl J jJ ciUsft ^laptr cAUfli U ail* j t^UJU j UJaP l3UsS*l dlb £)lT JLo5 

£bu_ A^l) jJk^—o t4_j\rf£jlj a,,., >Uil A3lkl! Ji^U -£j 

LaJ-^ i5jl - ij— fc Siujty Sk-*Jt c/^Ull ci^rij t (^ ir ^LjMj^Jl 

t)L_j Jj j~ fU jJXi<\ cu/iiUll oAA djV^sit ju> j!A^j .^ J?l* Jt U j ^*b 

c4mm„1I AjtiSh cAjji^l jJl Obr jll ij^T Ji t~?J ^ ? ~J?LjU Jj$&\ ciJa]^ j-« frj*r j-4ll 

.U\p S<tAtj 

ci\_^f jf JJLb£-»b 5 jy^i J f 1831 fl* James Clerk 4j**r ir ^ r oJ j 
Jj— j aJ jg,u > ^wUr^ djl j-ioB ^^jt j-i .Maxwell Jj j~*£*U LjJiJ UJbu iUuJl 
dJbu-f Obrji ^ U*bu jb- f cOL^b J Oil^ JLp ^U»b- j uJl jll J^l UU*» 

.tbjjill j uA-^ J 

.IjL* — 0^iL_*» - Jj£jl j - jlbJl Jjj^U jlks^l c^bjT j 

0J ft jL-j O-lJ OLi?b ^Jl J^ju-uli t4*l> jil 4s^tji it j^ JjtT J*-j OlAb- J jU 
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O j$>\ JJi .AjjlP d\ j& *} UT tA*U> U?tj5i of j& ^ otiLM 

c— Jf cO^i UJju .li js> *i o jJw? aJU? jftib j> ui^i OjSj of Jb *i lil 4i^bw 

.3UJ1 aT^j Sjl^l ^ a£>U!i 

.^bi jli J&li ^b J**Jt obJJb A^ub. Jj Jj^-Tu J ^ ? 1860 flp J j 

^. — >U*a Jb* J jj*b UAao L? J Q\ Ail^fb ^1 i5 yfcl ^bl jlS Jii 

a_£j: j U-J ^^Uli Jbtl 4* jyb jUsli ^b jUl j Ub ijU oJ ji 

A^^JpUli j Ub ^fl&l jro A3***Sl 6 jjJb 01 Jj j~*fU .AJbjJ aT^ jJjJ 

^ *?b ^Ji 4* dJi j t^b! jlfl l^-iof I <<A~~k>L*il j AJb 0 j&\ J? 

A_Jb j^S\ 4 r jf <J» Olftkdl J Jj j^TU Olf UiJ j 

Ji f 1864 J jl*js3 .t$Jj h^p J£" XjTb"j jtf^iJ Ojlf j^ul cA-^JeLaitj 

*>L_£j buj—^ L_ii jU jjrjL^j ^1 -(3 jodl) AiJbJLd! AJb ^Jl J 

electromagnetic *\ c**? tJ^ij J^J oiil^ 01 j*ju AbL^j L^JpiJdi j 

JjH AJiiu^Tij o^^Uli dJiA jJij ilj x<a 5 ^Uu»j j ^Ji A3liaJ!» j? energy 

^ ^^Jl l^J j Am O^iUll dJUb p» jjfll J jJbj-iJl ^ J ^1864 flP aJ^ 

A_^ oa J jA\ A3lk)l Obr 0^ c*J\T JlP ^ ^ ^Jb jJUail 

.ajjji^I J\ c>br jll )~j Jjf lift OlT 
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— A J_&u5 01 L j^Jl obr jll aJLl j& ^1 iP^Jl Jjj~5*U ^13 

U «j*aJi di> \J* ja .(iJtJLij) $j*aJt 4P^> oUL*^ J-fcdSl i&lk« Ia0^j3 

f 1895 fl* i~~Jl 4*-S»SM CAmmCi ^JjuJIjj .uLJalt *ljsrt 
l£ j— ^r? ^ j — 4_JUij uiUsf ^1 lJu* JJj . Wilhelm Roentgen 
jc*J Jj j*m5"U o*^U» frj^? Js> ojlf Heinrich Hertz 

j — « Obr ^> *UaiJt J Jiij) *1 jit J Jisa ^^J^UiUj^^Jl ^UJi>)h Jjct 

.4JlJ*Jj Jjj*~TU 0*^U» 
3 jU* JUtfAJ Jd\ ti> oL dJUUJi frUJlP ga&J i^Loj^a 

0 j — s&iJl *Usjw cA-Ti SL*- J* j** J -J^ 1 J 11 3^ ^ 4JU ~ J 
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Heredity 
f 1865 l^LI^VI 41^ 




<$ u «VmU AjUi u&LSJSVl 1JL£ jljlj IjU 

(f2003 f L-* %^a) ^ yUl f ^rl 5yL* dli j DNA -Jij oUj^ r j^lj 
4 JljjJi OUL^s It jj^ j^-ji! 5ilii 5 ju^l> 4Jli A£ Jj-j> U*ut J j>f j 

5 jJi j^jf 4 *kd J&r y CJlS" t^jjJl JjMUj- \j\ jj ^JL?-b Ojj-^S jU^Jl Oj^j 

Gregor ^ jj— * J sj* <.j> j-U uaS ^ j *u/b 

oli ^ Ji £yt LiLT c^u: c4j!jjJi jp 4jjif u>j£ j^jS I^U<cu*j Mendel 

j-^a (jjU) jbf ^ Jj .j^bt-i^l Jj iiUa* Jljr? J^U U jAPt-iJ 4jO ^ 

.4~J^Jt fr^jlJl OUU 4J jiiU ^jj OS OlS" 1865 flP 

.<jj—*\j 5j=i jo ^j-^ J&W ^ y-Sl) jsuJij JS' J 

.*U.jJb Of Jjlw ^Ijl U Oljtfb lift 
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.yliJl JJrb ^poiJl COjIp aid .SjuAftil ilS £• AljjIaJt 

J^T j^Ip J*o**3 frl j-ia^ ^y-f *t ^^jb OUU j^jb 4 4i jkJl ^^jLi j 
JJrl J *t ^jdM ^ US jo *1 yUll ^ 4J£l Ju^- <l£J j jLfii\ ObUl 
j&j j-ia^Sli 0 dip Ai3 .JaS s.r^ - *l yi^ Ob~\J Js> J-*£ of Ojd c4j j*o£ 
t^y-f *LJU *^jb OtfU 4jj-£j ^Jj lib gJUJl JU jf .13^1 gj»JLJ ^ OUL^Jl 

^ li^£ JT J tfb lujl JjU) ^rj c J-*jJi jj» f Ijpf dlJb^l 

ll) Ai^aJl 3 £jf JT o^lj AsJ JLSJ CJlf ^UJi JJrl ^ .b$ 

O^l Jl j— 0 (Ajjj^ jf) 4i-^ JS* jja kiu*J CJjt jJ AsJ Jf JjL^a ^1p 

a cCjUL^Ji jja £jj JT ^ 3^tj culT j] bU j^Jj .$.1 j-» ^Js> 
j^fe..- cOUL^aJl UJUP ^bSbj c£ c(SJUU-Jl) Lib t£ jftl 

.(ibjl? l^t^ I^juS-) Wb dOJLJl AA^all Jjty JJrl 

L bbj aJU^I J*L* ^TJir l^liJi JJrl J Jxb- U lift.... 0^1 jJ ^ j 

\ «l) ^jli!l JJrl OLi J OlA^aJl jj» 5JU^ Olkb^ ^jf 0^1 y 0l^»b OJ? 3k, » 

cO\kl^l oJLft ^ j( o^l ja JS* ja h?tXA j\ SOJU Ai-^ 

Jj .4 JLp cjL-Ji 0 jSL-j U ^ cji^i JU- So^lj 8jjU ii^? 0^1 jsj 0? 

cJp J dUij tddi0^( bo JT Jj OUuJ OUUflJl jja ^^fl^ *i dJLP ^JUfc .U OU 

^dUJl jL?rVl J LsbL* Jl l^Iii La o ^Iko c« OUJrl jf ob fc jjll » ^JJ Ha** 
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V\ ^Jbi ja J-fc ^ jlUU JjL* l$Jbj 4*Ja*)l hX$iS 2uJ]l ciyJ^ 

Hugo de *ifjtf*£j* LfJd j& j*j ^ < y- T ^ <y> <f 1900 fi* 

.Vries 

* 

LJ£ jU c^u— * it c^T j i#oJ Dolly the Sheep Jij* 
J oj ^1 j 4jJb b}U ^ ojJj Ujlp ^1997 flp UOp 




ASl^Tl S^lPl cOttjjll fj^il ^IjsSb cijP j* oli <llp :(f 1935-1848) if* 
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Deep-Sea Life 
fl870eiiLitfVI 



rles Thor 



cJUsf I J^^IuJLa j& c 4»adt OIIsl^I JUef J * j-iaJi uA£ .t$i JS-Jl 
CJ>? j^-j Jj j-^Jl uLiu U^l jsj cM j£c SL^I Ob cJ? JUi .4P o y-lj 5U»- 
JLA— s<J u y ^JUIi jlkjl ^j) f^UaJl A&b* JUpI J L£ £)t If^oc otfUl of 

4 JJ ^Jl I .lull CJ\ ja A3 3j A\ VoJ>\ OU-I ijO^ 0 ciU^Tl l»t 

1877 ftp bjjsSLd A&it i^jyiJi ^Uj Oj^jJ JO c4j\3UsTl J* 
J^L^JU £di J^i J f 1830 Charles Thomson dj~j>j> jJjUj aJj 

£ *Jt 4 5 jjf Ails* c^?bo Jjti iA^Url d*l$y1 JLa> .^JLb£L/i! 

L&ll U&1 J OLJl ^ UXiP ^1867 ft* c^Urt ^yJlj 

g g J dlii fU3 300-250 ^ Jj Jit* ^ t j-4J! £)( dlt oik^t 

fLJ cf 1866 fi* J5i jf J ^Oa* .iU^p^l IJLa Ub: d^Lidl 4ii^ J^J Ub JL?-t 
j — « (-j—*? jijjJ 1 jjjcJi olUp jiaiuj Michael Sars J^u 
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1000 J y-k J* iSVt colkst 4sil £>t .ifeL-ty i~«fla) 

j( ti jji J*>U ^tpf 4i> J 2)^1 colk*! 4s*V>r Of c£ *Ul*)l 

.41* J^i\ J>€ $H cf* V A^ cJL^wJJ «3LM 

OUJl^Jl CJlT jl liU 1JL3 .Jj^jj fU*t JLp jj^Jl jl*- cjb- Aj>( ^ 

jbJl JUpf Ja ?Olkj^JJ Ukll A**AJJl JUpty J %3 JLjuj aJ-I 
d> 0? Jj^ uA^T tiJLft Jj oUbiJl J ?^Jrl jj-^j US" l\J-\ teJj&\ ^ jl*-^ 

{fcliJl yd tfSt^jy. fj*\ ^ ft J&lj Adj^all ji~Jt JU*uJ La^j 

J^Ljf- .fl870j 1869 jl868 fljpf ^ij* JftO SJdj Ul^ olP**ku*U 

4_il tULJi ^ .^ui 2000 j** dU J dL^JJ *yrjift gjki*J olii ^JH j 

. 4...,jjj <U%dj 4jL j ^ Aj» yxJ\ JU j Asij jJnJj 

iPtAias— »l 370 jiSli Oj-^jJ flS cdJlft 3 4ftte!t JL^Jl ^ J*>U 

f J_J 4000 J-A— J JL- *P? ^ Olk^l J*>U 4J131 yr j A^L^ u?vJ .yxJl j**J 

0 ilS* .4*- j~*Jj OlA-kJl £*3T jlkj ^Js> l\J~\ ja I j*l~j> Ijj-^? Jlfcli j c(f 1250) 

.&\&H\ j £>\tjiittl\ ciia^c U j* 4jb 4Tu^ 

^*>Ua3l a^jJlp tj^ l?' ^ ^^^j: jl 
ol_^i3 i^^j. ia_^ri jj ia^^i c^i j-Jl 4>jJ-l 4fl,,gtJi dull ^ ^iii 

ouU! jvi&i «Jyr uf .A3jj*i» ji*J» du-^i ^ OjJjJi dUJlTj 
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The Depths of the Otjau f 1873 fl* « jX*t J *j\hL^\ o^jJ 
oi—JU J— 3r ^ Uj* ^Lo 70000 dUJb ^CSU oi j~> ja aJU) aJb^j fUlI 

C *Jb iSo^t ^klj-* Jb-t dllt ci U.LP (fll) 

5,5) >) 2,2 j*> jP gUjjlaJ^ AjPt ^ 5 hJ\Ji\ oU>Ull 

J >Uj 4__£jJb* IjU? ^U? ^Aj jJj6\ Ob^ ^fcju OJlJa^l J3j .(^ 

4_Jjb j JjU jl> ^ JJU 55,8) UJj 22 i^jP j-b 43*>U* oU?Uo« 

*UtfJl Sjl^Jl cL>JL^ Of JLu OUJ] (I ciJUA ^ lij !(^67) UoS 220 
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Periodic Chart of Elements 
fl880cJ>L^Vl2LL^ 

C^jjJ !\ <JLJjU» JjJbr jH 'AjL4^t j-^Uxib ^Ul ^Jfl*a U*LP 

Jji ^ cJib IffHs *j\ 125 «^ 

^ $iJ ^Laty juajj US' cdJUJ^r j-^?Up c3\J*sTt J] ili JiJ.^L*^ J 

frlj-^-lj ^ s) UpU — o OlTj tjfrjty OlS^j ^/aiUa^ frL^Jl 

. j^Uli O j-lko J L^L-ty j^UlJ ^1 ^ ^IaJ IPj^j AJUJ^]! v^jl^Jl 

jJi—Ji ^Dmitri Mendeleyev JlJx* & jsp Ju ^1867 J^U 

d j* & .^it jJ^ AjujI u-^f ^%iJ ><*>ty jtfl jU) JuliC 

J ^PJu eiJj^ OlS" c^liJl J^tjJl A^j A-jyJl $.&uiJl 4sJ-j jll 

f 1868 flP ojjaJ jloJh jj-JjjJi .bjjf yjLtS ja jsll 

.4j*AlaJ s-Lo-jT v^lsT uiJta 

yJij Meyers Newland JU*Jjj jJlf)|i u^L^Ji U >^ 

.de Chancourtois OjjSou 
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jf L_$kUjl *—AiJ* c^bdl 4jUsJ| ,iJ OjjJl j^UJl ciJ*L* <j&* 

44 ,1 jf cr Uil aJ Ujf c^UaJl jf aL'LJi jf ijjUjl cj^U-I ^ ^ 5^jsr^» 
t£? aau*_* Of Oj^ j£l .bNjjL j£a j cklM j ff aJ\p hj\ f obrjJb ojJL» 14 jT 

j\s~Jlj *l js^-l J 

44giau4 ^JU j^sJ jiUl Js> CjUjJ! Of 4 jAlit jiUl uijlP c<JJ^» J^»-^ f 
J_ ju $.L^ty -jb^ty j^-j c^kLiJb 5jaJ ji\ tilt Obr j* 4 J j-aaJ| cJUJ 

c4 — ! jlkJl ^ — lp U ytJ ^Ip 4^Ufl^ Jals£ Jj» j-AiP Jf Sr*^ 

Oli jty |Ja*« J cJO^ cdbu U .jp\ ji-l jf OULaII *UU)b ^j^Jb j-AiP 

Of JLtf 1 1 dJ li f bf ^ J aJ Jo*- Of Jl cJUO^r ja liilp JL»U?« *br j 

jflill j-^UU a) jJ*r 0? <uIp j c Jbu IgJtJfc Jl£& f> \£j Jeji\ j-^Up 

4 — Sj 0 j & o^upf j fcj ji^9 J Ifijj Jb J^r <tfl5lk> a^jT Jl j^ji 

^\_aJ» JjJLJrt iJUfc j^fi> J^lT JiLio aBj^aIi ^UJi c^rjJ6\ <.\j*\j 
5_ftb U Uji SUL> Uf ^ jPJj aJj^ J ojS 4^ Of Up OlT j^Jj .^Uu^l 

j ^U)t oJLft aJLp Oj^J Of jSlc U ci-^ j J ^13? j Jj 4 Jbw Jl^S jl aJ j^Up 

* * * 

Igtf r J c£j j ^UaD aT ^s^It oUUol^ ^Lp Lu*w lT jJL» j «5a jdfllt» 

fcjl^jj Ai OlT A^lif ^ Ol^uJt dJUfc Ol a!j\3 Ujjf ^ j^P j 

0 i>^l ^jP 

.<JJj -l «3^jAfllb> j-^UjJ* Jjf *Ju^Tl ojl^ 4lJllf ja *J\ Jjf «.br 

^ — ?■ j; *i ^ jJa^J j£l j .a«j? ASJL^ JoJ<pt ja ^JjJI Ja-** jll 0 j^sPld 

. b,„hfb caJ>^ Lj cJj+ojj OJb Jiil .Oi y-^ll Olj^ayJl 
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j *L*Jl (lip did IjLp caJju: I jPJi t £*( jlUlt *Up J jaJJi 

d jjk nty ^lp JlJxL cSjj-dl J OPU t^LajjIa JjLa>. 

Uj^ji^j — * Glenn Seaborg s?i\ (Mi J*ju-»i 

(82 c£ ^W> J\ oiji ui^T Sup ou jyjJt j ou jjjjJi ^ by 

5 3t J> i yM jl ^ c^UJl di^gu ^ .(79 j-iit **UP) v*^ 1 oi > Ji ^ J* 

£ *up ^jbJUt 5ji Jf cilxj aJUjJ! oJU Oj *1 jj 

. jJUflJt *LP i^iJl jfi OUai jf 
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Cell Division 
fl882 JsLi^VI 41 



j-J f J-Jb Of i-JI jjJl ^UJ j& (l <r Jrl J^b IjJp JpVaJ-I j U^sM ci> j?j *L* 
^ UJ L*$3 ^ *U»uj UT t4Jl^ o^jj J^-to i^S^ jJi oJLa iul j c3u^Ti 

4_3yu U 01 US' ciJJLM VM- 1 fjA^U A-Jl \iyr tfliUsTl jLiJ 

oidLi^Ti Lr J* ^ (^^LjM fUW jt mitosis ifltf-i fUfl» fjJi 

Lhi^U Aiijull i^j^j^l oUiyJl cJlA c jJ^P £-Aslt 0 jilt ( *W 

jjaai .b>*AJ JJbMJlJl c^Tl jail j b\ jO^JJ JbLiJl jaU \ Joj IfBlfc jj 

.14 iibcw J-^Uj aj! JIp jJUJl - *>L^u~a j& J d\ - Ljw? OlS* 

^ u— 0 f^J— ' j - Wj*^ hjji b^t apU^j tUUJl ^13 
^^—Lp Jajy i^l cJlT Jj C y-T JbLo i3u ^{ J& t b^Uil Jlfli cJlT ^L^S» 
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.1 — sivLL ^jt-u~>u J ^ 1843 fte Walther Flemming j^'j «dj 
iJliJl j-kjw) ^ 1905 4.UJ j (OjftWv ^) 1873 <>• olwli-l J ^ji j ^ V>« 

.l£taUJ L^jjJl J Ia^cwj L£ jJJ <Udfc JLP lillaJ j j 

i>U>^ lil£*b Qlii! ^ OUU ^) ^1879 fU< 5Jb.br ^> JLp j^Jii ^ 
if* 3 j) <<uy«^ uybij^T)) chromatin tex t u a l ! 5.5 ill aJu* JIp j^JU jltf 

<J!_& .I^UajIj UiM i>UJ ciSjf t^oJl y^l cb^t cJs3 c^JaJb 

J 5JU# b^ «kS*LJl» jj^aJl *LJL> jP 5jUp olT <u jSLtj^L* ^ dTj 
dJub c^jy cA^tjjdJ Laif ^iU <.j*^ jj/. J*-i y 

.<£ fLJb*i\ aJUp jk^ ^iaJ ^Uasib jj^aJ\ 
ljjr*t £y*Ji J*>) 5jwa3 iJa-^ fL^I JiLiu ^JUj^Jl ui^J cAJLqji]! $,JU 

Mi W^J^ 1315^^ «oU yjj'yy chromosomes Ji jyUj^T ^ 
mitosis 4— JU*!i — » ^ jlfcf iJLA j t ^ jJjJ-\ ^u%i^i aJUp J L^Jj ijji ojJj 

d^L^r ciJ^-l ^li c^^! «^b I^a ci^oi c^iajJl 5jUu oU j-u yj^ti 
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^ >-pj* ^ .Up iJUJ OUsSOt ^ £y+Jh uiUsTV LLaJ-I i^l 
tTjju sijjli Jjl* jj^y. oiiusf i ciusft ^ f 1900 

f UuJ jt f 1978/7/25 J fejljli Louis Brown flj^ ^ 
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X-Rays 
fl895 cil&as;Viaju-. 




jjJLj dli^ ^An3 JLum* 4jji yffS JbM Ujj C^^l jJ 
Ol jiVl c£ j-Jf 50^1 j JL^Jl ia-ity Jbtf .^toj (t JL$iil OLsVtfl j j£jJU 
jciuj US* .yUl Sti- litfilj 5dliJ U^lj 0^1 a*. CjLi^l <^Jt L^LJLall 
!l j c jUJ^I p—jr jt»U Ajj^J frLtty ^Uju^j ^-^JJ oiub jj£ J jl *~~Jt 

5J> foil Ob> y jyj dij p$ J 4-~Jl 0 jJLa-S3i MaujI 

.*5jLbr ^1901 J SjjV ^i-^Jl 

c#uj jJUt tWilhelm Roentgen jtoj ^L^li JlT ^1895 ?\* J 

* * 
.(W djarjLi ^iyJi J*Ar*! J^^SJU^i SjU^i j^&J 

o\_J ^Uill JlT J JL?- jjl .^Uio j cjy 
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C ilT J — dJ .^3 a f IP JJ SJUfl^il ^ku jJl Ai1j2-I J Aj <g( ^TJj - AAjJJ-\ 

*j — * ^ 01 of jit j^j iJjjT a^j( ^ ^ ^ u^J -cs^* ^ J^ 1 

IJL-a 1 — * .Lit y. jj-yji a*cjL*Ji Jt J-aJ ajOJUtI U*Jt j SJUail J*A^ ibUt 

dUfrr „J Jj^-Jl j J_Uri j A3yJt j>P jlkil ^AJl c^it 

UT - ^*ull ^Uilt Jl { Ail* dUi OlT Uf» ?AJI ^p jjyJl A^-^aJl 

.Ail ^P jJjiJt AsjxJlp ^£> ^JJuli ApUj Ojj*0 J^LiJ j^jb 

Uj aa-S^i aJu* Ot AJb iijjT ua*i ^j^i J^-b aj*u1i jjULoIi ^jl^J Jt 

a* fcty j( joS^ a*-M» jf X-rays Uict ^t j <a-j ^li a*J^i aJUb jj^j oUI ^ 

of Ju^Ti ^ 0^1 jtoj . Jj^i J) ^ jf X J>t yy m £*r -<<a^i 

(l _la^ j J_j J-Uiil j Cuff-^t j 0 jJ^Jl j JjjJt j C~*JM J ^ A^t AaJ^I 

.^U? jJl IOP - OiUll 

^jjji Jl JUL *i j^j*>\j S^U: JjjJt AjJaS ^^Iki jtoj ^13 tAsj ^ fri yr! jo 

A i jjL AilkJl J^? jf UJ^id .a XjJt jtoJrt ^ I^ILp j (iSt^t ^*^»^t 4>* ^i 5 ) 

.A*-i>SU dJbjJ-t dJ-^ldl Jp\ jS>\ 0l^>» J A3jjJt COj-»! cAdjjit 

.A3t}Jt A3jjJl ^ APlji j dJU ^ikp JaJI ^ Asjjj ^JlJ dUiT jiujj ^JUaif 

.Uajf ^Um)! jj-^ cS*j£ cAw>f ^3y- UJ^Pj 

jw: ,>j fjj t Jb- AjI j^Ip .Ojlb jJUj jj^Jp CJ\^ Afci^t dJLft 0? A^iwll cJ? 

a 
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jlbJl £~>^ y^Ji O^-iJ C^w^f cOUjIl J^-lj 0 jJaP J 

d ji 0 Uf j-iJl ^^Jrl .* gjil «Cj jil 0 jS^Lidl I^Ip jltti 

3 j*Jd»» 4~~Jl I j& Jjai *Lfcty Ut 

oijjs* J i^jsrjli Z Machine Oi£*b :2Uu>b 

JMaJ A^b! SjJLi 4*~Jl jX^j Of j~j aJ" jJi 

J 4_Jl> OIJLJ jll 3 j^UJl a^fertfl 3jJLilJ Uk* 80 Jlj*- ' 
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Blood Types 
fl897<JsLi*VI 




»»j L»( jiTf k-l^r- .CjaJU jSLSu v-tyri OtJUaJl ^ jl 5lJ-l 

. jdjJUll J jJda* 2UUI iJtJl otiUsTtfl ja iJUJ Jj^WI JLP j J 
h\ K\J&~ ibJ&~ ^ - 3 ^Li 4jlJbr iyJU f 1897 fU- AjjL^oJ! Ui iyJU CJlS* 

j 4u» J^ju Karl Landsteiner ytteuV Jj\T jjsT oiT ..dLuT ^ ^( i^ju 

t(t JL --Jj UljJai $\ 2jjaJA\ AjUjT ciKj U*LP Jjjj ( JLj JL3 

J*)L-> ^ y^Si j 8 jaiJt jo oVlJ-t 6JUb 4jJj ^Up! 03 ^bJjAJ^ OlT 



152 



OlT JJsi .A>bwf Im^ojj jjj jiUJi Js> yAsJtJj^ l3 ^p tA^ty dUj J 
£ju 01 ^ Ail 4aC» pleuu* grf Ulj id* fcl jAjf 4i( JjlS* tfJiS jjl 

J I o J JJ-l Ol dUB aJ jajr cA3 jJU LL^ j* AP jkii A3 JP J 

?^Jrl jbjsi^ US' i*tj~- aAS" poJl j& jl jj liU .A-jfc ^^li p; 

.^jiaAJ^ lfr'fr«> A^-U* ^iUJl 

* JS* pa ^ aJUS oi^LS ^ pli t jLs^i (^ju! Jjjb Ju? ^ 

clfrS to ^Js> cJc&J 03 *\ Ajj^aII Ob^&l M^~*J^fi. 0bu->1 j 

J ;& ja jj\zS>J6*i c-W c~*Uf aOP ci-^J A%y1 JJ j . Js&> jl Ugjfj 

A P j o jJaP *i j^J-i pull Ob ^3 .a) j?£> pJl J-^aii 

J LmJ jt Ij^ij LiS y-SM AP J jJaP J5" ^« j^J-l *oJt Ob^ Oibu S^lj 

.l$iP j*^ *L£pf Ujyd pull Ja3 

I2*lk» AaJfc poJl ^ .«B»j «A» o**j*^ uybi jJLfcf 

!AaUi- c3^b cibi ^3 tOii 

J*Bj A^j jugt g> J^^s? ^ pa J^P ^ cAijlf ^taAJU'S 

AP juu^t dJUfc ^-Uf Ol£»U .pJl £j>1# Ai!\j AP pUl Ail JtJj^t j c ^J-l pJt Ob 

.«0» ^ >Jt AiJUJ^ AP j^tl diA Js> jU?t3 .OlT jtfjU) ^ OUl fOJl ^ Of 

^ jJl iJU Of U^3 .Bj A £° J^^ 5 P^ 1 0^ 

JpIau OiJ glj £ J* ^ u cB J A s^i 3 ^ ^ t° J^ 1 ^ ^ ^ O 
.«AB» ^ jJl gl jJi ^jJnJU *>y\ii^^ JjlT jlkf 

ciu^Ti J Erwin Popper j< j— > jijj-^J aS' jUL» i^i ^JaJi J ^y-f olT jU-» ^iuJt <Jbi * 
j Alexender Wiener j— u3 j^_^Jt iTjUi^ dUiT j c ^1909 pi* JUt^l! JJb ^-j^ 
Jj— * j cfl930 pip J J^i 8jj> jU-.pl937 pip f JJU Rh >uJt JUsTl 
,fS? ji\ - C^— l! j jaU j^p jP j»1943 plP jp^b J^gu Jljj ^ j 4,J3 Ajj* frlyr 
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L_J> £b£ (t JLJl (U)t Jii .SjjUu £j jit ajujI d^UA Jj <df ^ fJLlt 
lit ^1 44^w?l jj Ak-H « j& jJLJ Uf ^jj j ^Jbl jJl j£] ^uJi ^jj 

.(A, B, AB, O) fJdl ^ £j jif *»J oU^t JUL* i^Lflj^la ^U** jO* 
llpji 800 jaJJ 01 *i) 4^Jl £**t£ iO«Jl Lr ti 
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Electron 
fl897uiL4uSVHi« 




j a fc&f (jAb) oU^r yu*f lif ^ tt^u . JaS jJj oS oijJUl j& jl 

Of OiJ jtf?t-^J JL£* .4-*3lj \#.a hje* j£\ jJiS- ^IsJl 0 J 

t^f Jua-J jt ajJj <y j^asj Of Oja -aa j?rj cJifj Ojjs£J)M 0 u*>*"^ 
Jjf j—^f ju*u jf tldUsfl OjjJl OU~Jrl Jjf OUj^^l CJtT .JaS Jb-lj 
I joM uiU^T^I tJlft .djJUl ^s^- ywaj l^Jp l-3 yji 5Mit iLib 

C —-nail Oil .*b ^4^)1 J-J- V-U^i dJb- jJl jJij ^b><^ JJ*d» <y Ua*u 

0 j3L_f J Joseph John Thomson 0 y byr J^jyr ^ JJj *u OtT 
J u 0j~* « jj ^r-^r Oy^*i^ Ot* y-b LisSlo jfJjSl 4*rM 

A-^bbj AJ^" J diii Jbu OJLPU cbu)j 4ju jf jji jAj Jfujf aJ^j 4«*»JLAl 

— jjJJt JSjJU-JlT jC* j-^jj 4^x^. ^1884 flP ^^la?" .tbjjflJl i-»\jOJ L-dJLAj 

.flP jJLp 5ftb dUi 0^ Oj^^i 

Julius Plucker /^.^y m i^Hs JJ ^ c-i^=T I u5 ^ a^f cj\T 
IJLa JaA£ Ju& .oJIa *j}l£Jl aa^I LaU tULJl ^ai jl c Jb- 4jj ^Ip .^1856 flP 
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.5 aJLH oju* {lull Jjap 
.^fcu* — It £MjJt iJb* ^43 lib o jb^ ^ ji[ 0? 0 y cf 1 896 flP J 

cUJU-m .Ua_>i 5J1 * kaJt a jjlS^I A*if Ob CyJ bC - aJU kxJt h%J^\ 

A*_if ^Js> Ji?- 5jJi C-J SSl^ d^U AJLLa d^k^C 0 y~j> Obcu*! 

.(Ufljf aj j^sJl dJLa I jj9r'\ JL3 0 jy-T OlT j) ^ jJlSoi 

J — ft^Ji Ob ^fetd i.i>jUxj Asijjf J>b y 5iJj ajju* £jbL^> J j-»^> y Jajj 
4 ^t-Jjib riOi^) U jU* a A**f iJjr J* Uajf AJbtfj! ^£)l 

A^tJJ — *tf> J Jp ^J^J SJUJbr * jSlS" AaJjf Aj jjf J j*^a jj pX+P ctj^-f j 

A^tjLtf li dJL-A cil^ L-JpUU W £f JJ ^ jjV^J^ A*if aI*&>- ja terj -JUOjw 

4 ^1 ) y-T Jb£ aJUj t JU-t j dt£b ^ jJl^Jl A*i»f jl^a AJJUU 

.^Ull fllf^b AJtf Afc$»ty dlft jU* J 

jG*Jl) «Jl y^l A-*£J <U>L3 a jfljrfj .0}UJM Uj* UOJ jf ^ll 5j*Jl 0j-~* y d>af 
iUT uL^ jj. OlT Ail* ^jj fc tf3l A**f jL^ J 5j3 JT l^Jb-f (dlf^b 

CJIS* ^-Jr^ aJsS3 aJ^ Ai?t-iJl 4^3 JJUaj ^ j Asj^f ^ yr' 

.^■T j^jta 4^f yw?f OUy^l dJU AiiS* 0? ^^ju U jAj cAjUIJ 

^^-iP 4^1 j cJUbr A*3T ^Ipf j Ojlj?r fj^-j Jj cCJt <~)\L» Asj ^ ^Ipf 

0 jjjjJl AJbT ^ 1000/1 ^ Jif Oj^J Of c-Js cJlT p~Jr\ iJLft ilsSi .Uii juUJt 
p~*?r Oj^j Of ^ jsili j^i — 5ji jA-^f jAly ciJL Jif ^f -(j^-jjJLa 5 ji) 

ajUmh r ^ j^tjj J^-f JJU^ Of JJ aI^u o'SIa* j 5 ^^ ^ jyJl ja olu 

.oJUb 
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ft George Stoney yja-» £ ->J* ^ j** J^ 5 'f 1891 fi* J 

<w~- — ir U — ft «ujjaCi» electron ^ SjUs^i dj~j>ji jji .p~Jri iJL* 4j*u 
J-hijs^j ^Jb <^j* J* j *f 1898 ^ Jj .U* ^ lllfc JboJt-1 

4_> kw> dUJu isju 4jji o jjiIi oUj-Jri a yr jl J^yy 11 JJ^ Bequerel 
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Virus 




i Dmitri Ivanovsky <JL*Jk fttA # jx** hfkiw ^ 

sijerinick dl^js** 



j o ibLh I^Sj: ywaJl Ob jjjiJl jctf j US' .4JiM dJUL? Js> 3 ^k~Jl ^Uj 

.j^U vj*^ kj^h J^ f j uij-^J^ a/Ji ^ik* 
i »-J>\ liO Ub (44^ ^ijvs^J') j^u ^ yJi jluJi <JJ^ 



Jii ^ lit ^ 3L*JU 0 j3^u ^vj^j .^ail U^l JlaU IgJlA JJ 

y-^l fOiJt j J CJ^Oidl cJbr ^ t3U-l L^jyu Jazz ^jjds Of SjSCi 
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Jt_*jJi JiiP ja jg\ ja J* A5*ijb£ j rabies vJ^ 1 v***^ 
. M W>'^ Wj viLiJ^ JJarf dUi ^5 .^1885 f U <u*)L^l 

tobacco ^.JtfM.ilt £Jt J^tp ^Ip jb-f *J ^yu jl y-T ^ ^> 

ouUi Ji jjf Js> f J LJ^J Jai J j£j Jj 1~j J»L> ) mosaic disease 
Dmitri i ifj-*& ^ — ^ *f 1892 J .(5* j> jli 
J*nJi Jy»uJi iJla d**Jt 4*4* 4^ii Jb- Ivanovsky 

Jtj_ i ^ ObJi 4P ^1 dJLft J^U jjijll JA-Jl £>lT 4 Jb- Jf Jb* 

U^ja .lib- ^^ip A^ubj cJL j£) j clgJja 4^aJb^u«dl 5 jUaaJlj Jl jjSll J~-*P OLLp j 

jiuJ iJLJ>j ^ jWT J\ syrjt *1*p^ j&j 

Martinus dLL&jp* j* j^j^ jit o\Ji ^ cf 1898 fUJi J 
5— » > ^L-pfe .^ U a) t j_Ji jpja yi y £ i)\ Beijerinick 

f> 4 — iL viJLjj^tj ^3 jspI .U^t^Jj y ALai ^jlp U ^bj^Jl ja yup\ 

frb j — b b-lSJ ja Jjf 4i! (f 1895-1822) j^U ^ yjl jiui! p <Jjj*a ** 

A^i-— - ci— iji^ 9 flj^P Jii» 4ri> J-5 UT 11 J* *Syr ^ 

4 Jb- Joa^? UJ^P j t jji-ib J^*i UibJ- Jl jl? ^^astJtJt lift J^P .O jl^^j* dJUitd 

ajLaj: fcUM Jb jbiaiVl Jiad cfl940 ftp (jdi d*^) j^U jii Jj ^Ujj OjjjUl 5\jaJi 

L^Jfcj ^1 4i-» ^J-l j i-^i-U Lis^La) j^-Jl j 4*j\J\ J j *UJli JiflS tdJU-) J 
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J-o* Friedrich Loeffler jSi jJ dby^i yUty ^uli ^ ^1899 fl* J 

foot-to-mouth <Jl f J— Sit j> > s-^ 1 J* 1 * 51 ^ u ^ 

J j— & J? ^uJbj Ujjs^Ji ^ 0? J^uhi ywali OiT disease 

It yellow fever *t jfl./i <^ d^Ji dU?f ju Walter Reed 

<.Jpj—*J\ Jjjfc J jAdl ^ jll lift Js> 4jj\f JUj j ^pr j» -UJbJU C*£i 

j-Jb ^ It C( i_aj .^Jjc^ ^J^t Of Jb ^ Ajld <-~-Jl d& If Ajl Jbrj 

> o\ p-** 1000/1 -OUjjjtfl <jL ^^JUJl ia^jJl JUsf'jM jJf 

i-Ajfaj l^drU* j tfu^ ^ ^UlU j yLJl OiiT ^ JbU*U ^-Jl CJlT -UjuSlJl 

.OUil fJLft ^^JUJl j ^1 j^fe! 1?LSJ j fUAt 0^ J *Uj jb\ j Jjaiit 

jrfwarf c«LfliS[v ou*ijjiJi» jf rhinoviruses cjL*jj±yj\ J\ 
o^j-j) fi-Tjlt cj*i± .JS^t ^ 180 

J— tjjyl Jl ^ JjsJ< Jij^) ODLdi ^ jjsJl C-a-S? 4JUp dUJiT ^Uj^ *** 
^..i,;,, jJl ^ ji) bj^a^JLJ C-Jjj^t d ytlt j (Oil jiJi ^SaJ 4jjJUr< Jiull J Uj=^J\ 
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Mitochondria 







fill 




-it ui_c ^Jij a> JS3 5,/S» J*M *t ^llosvi to* u 

* DNAJi 
Carl Benda .u** J ^ tu^i2af 



.5i jji l3l*\-<j JijlsM ^jsrV« 5^ <y ^ ^ j t oC*iJi 
ju^c jusjw cjti .14 DNA— It bjJtf jT^UJ of yJi ^ 

lilkjut ^1898 flP i$iUsf» ad J^J^ ^ J £Ui*j fijjlaJj <£r«Jl 

^^J Ulp f 1665 fl* t£feM Robert Hooke dj» o^jj <£>bty 

^1841 ft— p J — U1 JJiM » J^p u lJUbj c yw>f jkb. J* bb» 

j) 4JL^2 (id! 1 jj gfet bf 4*^*^ ^iUJl J^J^ OlS" 

^tf* o^-jf t ^1871 fbJi J .I***! ^jll SijiJl-i ob b^ 



161 



i j^-fj .«* j — *H\ JpIaJi» uurM ibjli-i apUsU sou? ii^k Camino Golgi 

jl j — *I J>, U- g3l jll <^Ujl JaJ=l dAALU £*ill y *WU1J AA» jkJl dJLft Cj*T> 

.us-i 

aJLjj- 51 jj SaaUj: Felice Fontant atss ji ^-JJ cjj*u£jSh <^ 
&d J**u*i Jjt Robert Brown Oji^ o^jj ^jidsOtfi OiTj .f 1781 ftp 
*ut *j— ^ oi^Jt ot JLisf I ^ Jjf t«5l j( nucleus 

ci^S*l ^ 1891 fUll Jj .cJL*~Jl oU -UMiiji ^ dllij 

.y^ult y*H Wilhelm Waldeyer 

C — * IfiU-fil frtfl t#sM Ijiutf 03 c^M^ Jb - toUl1 ^ <f 1895 flP Jjl* 
JT J>b (OQaiJl U jfi"f) S jywall v^l jdl <ja JOP j 1 jk?-*^ j j£L> j^L« 

J jtT tUUf f 1 857 flP oJl^ J^-j u^Ul <^ j* o« J* ^ J 
u-^ J^j 1 atfj ^ ! (Ml* ^ Jin? OUjj Jl* j.Carl Benda u~* 
tt—^Slb j/tt — g jf ^ jIjiL-jjj^jU» microbiologist ^ pf-a*t ' j^itf 

.ijlJ i~Ju jdi lip a*w U-t UiM J>b 
(AJbUJ JJUl ^U)l frjJrl) tfjlsM fj^M fl898 fl* j-tfrt 

c — /1 jail j—a ^lp J^i Of cf 1898 flP 4J 

dJ »pf 0 j— Si 01 Jj ^ Ul IJ^j OisPl .U id*- frLLP f j^jsjLJl J 5 

jf mitochondria * — -f I gJp cUi-i JIp JpU^-i ^ J-**j 3 jX* 
OijJ^Jrl ja jkdl 431 ^1 JLp IjJi j£\ frUUll OlT 4^1910 flP J>U: 

CJlT bjOjjf jsjlll Ob ftUJUJl JUJUJl J3j5 .IgltP ftUSf U-1 b^l 4*\iaj Jjjli-1 
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.4JbxJU aitfJt ferUH Jt*j %90 ^ jiTf jijJ Site 
O L^s ^LJ-t DNA H viLUc b 0 JU jT yA\ oL ^1963 ^ J 

U cij J !a js*«fl3' Ol jJiJ-l ja £j\ jhg~*» ^« jiljJl J iSjU^j uL ^ j$i .3J-1 
C *A> j tj^^l U5H*-t 4AijlJl UjJU /" jalll OUIS" OOiP t^Ull jajjl j« 

.3 y^A\ & yxJS iff** 3^Uj ^\ p~Jr\ j-^UP 

cdL-gUP u^j-J L-^rU^ ^1 ASlkJl dDi J tt -UsM g& g\sj\ 
^ Jl^j *U)lT ILftJua ^ tbSl \^rb^ tOtob*AJ dLld *>rb£ jf 

^ i»UJl 4 j ijJS\ j cCjU-- ^Lo*il *Aj ^ 104 

19j Aii^ 12 djoS jAy, f 1996 f ip (Uli j*) Belinda Soszyn 

j bjJ—jjTjsjlil ^ U ^Ujl cX? jJ OJisPl UJUP cJali Ol ^ vUU J Lilt 

5-0,2) ^js^J» r ^ ^j^j/idl Silu-i £. U ci/ fo-^ /Ju-f j.Ujc^Ji 

js^l U^LIAJ U^-Ut oCkJl cU^l ^ jll frUAJl ^ - jo, Uj\±za 

^\ aT j4L**~\ ja jUt .3J-*r jit 3 jLJl\ U+ju U^-Li 40U ^ ^Jl j DNA-J1 J* 
j <A3t> ^ V 3^ J! j f05 { .3 /IJJ! ^ } OJ -U^J 

jiL *t j uf XtfSt) dUJLf jJUj Of Oji 0 j^-T l^Jj ^ ai 3 ^ili aJU OL c~Jp UJUp «lUi 
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Radioactivity 
fl901 L-bLl^VI^ 




C~J oljJJl Ob UUj J j*So ^^La^I l$3U^Tl j£j jjjUp j 

ciU^t jci Oil .VfrbMJU yu*>l OU^r Jb ^ Ubj 5 jyw? 3jJU> Oi £j 

jj_Jl ^bbxl (lUJl ^ Jj kJdl ^bJl JlA Ujlf ^jjT Ojf t 

.Ot IgiJ^U? Oj^ Jby jp- UlP LpU-Si} itUJ 

cSji JjJLJ! (llxli bt> £y Igli U *bji Ul£ 4ii=£ ^jjT Jbu ^bjjiJld 

dijjsToU i^jjkt Marie Curie tf 1896 fi* J 

frt j_i! J Lib 0 ^U-iJ Jjtj ijsrj illJuT *UUJt 4dyu Olf U j£- .JJ 
jj^JjjJl l^-jj « cJUa^I .J5l ^1 *i cjkjJIjjJi 5.iU J y 

c^iitU cajoaLi ^iuJi J y IJb oitfx-iJi Pierre Curie <s jw 
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J>b ja £juj> J?UJl \JJb Ob ^bt^^l J?LiJU aJUaJ) dJLA 

j o iiS £i t sAa£ jjJl ^ j\3 cUw> S jl y-l JUL* Ol^ll OlS^ Ai] .OU1 jj-l ua~r J 

.^03 LS-U* 03^j JLPtfll j JU?Ull 

^ * 0 

X-.1.X ij i ^ jjJJ I j \ U-u* t$ jU 1 898 ^ J 

jjJi J^T ySl (/UA^Ii JsLiJi ja d^M. Aii I4jif o .pitchblende 

j_^ik) C-oli3 .LPbtiJ JaJiJl OjjJrl j*a*J1 tJLft jA 4jlfJb JLj U JT Oj£j 
cJiU_Ji c It c^jwU-l J tj^w J***- ^ Uj^t jUl 43 jkc 2utiM Sdlii 

.Lib ^ 4J^la3 j 

(j\ j 4 4i3JL^» O yJl Olp\*i»)[l dJlA CJlT j) Ui UA?cJ Aijydl gyu-Jlj AJUiJl 

djjj* ^ ^ili ^Ip Jj-^JJ J-)jJi J U^3j ^Ja** Ljaid c^jJijjJ^ iUP y^T j*&s- 

LpU_ii JaJfcjt j^oj 2uUt-t Sidl JlT UT t43jyill j^Ull ( j£\ bJLP 

jjJLJ) JwJi (Jj^laJ (jlai ^Iljb ijj^i fb cdjU? trf^-f U 
(I .djlj — ^bj tj^l > u JLtaJt (JLo-il ^1901 ^-jU Jj .jijuiJl Ot^jj 11 

0,0035 4— >jj ^< f ji^l jJl jJL» l j**? \*r*j£ & JJsi .(AdU^Tl ^ 

jsll — Uu»Jl j L*ij^ j L-^jj ^ ^iJLiT pL&\ UJJL fll^ l^i* iJ? j Sjib J dUi j * 
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!8 ^ 

j£l ja i j * z .v*j * Ob ji cj^j^ j-LpJ tjj^Jl ^^Ip ob- jis cAikg ^Tj ^brjl :5 j&sT 
C-» j c^iJt ^U-i)[b 4] l^i^ cJ*i Of Jj tc£ JJ^ olj-J^lS* 0 ^k*- 

1934 f 1* dUi j «u->iyJ Ia 

ia_ii 34 Jjjj OjJbr ^ Ol jlU-i *L-Jl JJtP t^Lflj^Jb <jpU>. 
J j-iu ^jjT ^jU Ja* jl .^2005 flp j± c^i 5 >V723 J^? j* 

i-*J gj_| Orfj Jj <Jai3 Jjji ijfl* ^ J-** 5fy»l Jjf UjT 



4J ^bbJUi ^Ip l^rjj j ^ jjUSj |l cij ^ c^wdl 4>» j^Uj t^jjT fiju SL^- Ji£ ** 
j— a otsrb^l dUi jju S^lil u*Uj Ui£ 1903 f Ip Jj> SjJbr f*s-tf Jb^Jl Jj 

jt_*- .or*La* 0^ J ^ Cc* Jj ( J ^L^i t? 1903 tbjjill) ^jj 
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<£>^1 JtiUJl olida 

Atmospheric Layers 
<»1902 LiLi^VI 



Olii> JpfM ^J'M 



^'UJM Ujsfrj <tftaf ttfjlj*. «i%jU< djiJ Ifu U> 




Leon Philippe Teisserenc 




jJl* ja ^ c>l? Up jpt dUb: U y>j ^1 ^UJt 

J— 0 L— JUS) OLJLkJl U^P J2**J ^JIaII ±3jtjLa Jjl JJJ Jljr~~i> OlT 

^jfj U3!^J Aij^ Sjj^ J jb A3\J^Tl u2uf «li3 .j>j$U c£ jJfc-1 u>*>UJt 

Leon jj— > s — sM ^1855 (>Ip ^jU xJi r ^ 

*Wjty ou-ijjj tfjb^ / jUJ LJj Philippe Teisserenc de Bort 

J j — 3 01 j_LT £j( jf ^ ^sT^ jirl aijM 5i3 jp ^piki t jjj 
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S\ jj jufl; rJ Jl^Jl J*?~£ jSU jtUil «JLA JUbfc lilt c jir\> Ol ^ jLf ^ j( £jf 
A—kb» jj^iaJ Jjt U^SU jP jjj jtj±~»? c^1895 flp J 

AP j^A* 4JLo <j AP j^b 
4 — ijJU> oUli ^Lp lj-*-U> J-*£ d«£ ^/li 5 J^-t J) C-kjj JL3 Ja-PUalJ j 
J^-J- aJLLoj Jb&t flki ^w? US*.^^ Jl ilkdl *jiu lib- LUJi LjJrl jjiai! 
. JjL>ty Jdjj tflji? Up Jijit dUij yikil a\kd\ j* J*> aLJi 

t Jjty 4-JLft aJ& UT h yup jg\ AlMl j iLJl ^lisSl jl Jijr~? J 

cJs 3 <^JUJ! dJUb ^ jSaj (I tJUb .^iaJl ^ j=w> 4k>lAl aJUJU 

M^Joa J*P J^i Jbu ^y-! oJa£ j tOl jj*Jl j jlity J I^lm Cw?Ip Ji3 

C- .UlZ*£\ U JjA ja JL*X> j — 4-Up ^^Lp 4J*I jlU jjj c£i Jij**!? 

.Ui ^Uii^l iJUb 0\T jJj c(J^ J^l ojU i^ji 19) jWl 

37000 } jt cj—^ 7) ^ 1 1 ^ jIp ^U^« j^/t. vl)^- 

53- ojiJik 4^ JLp cJaib- j ^U^^l jp US* 5j^i oi5 j? 
jj— 1 c^i jj^j JLklu jjOif JiT c?^ 1 ji*J^ j) 48000 Jl3 jLJ 4j»j-L^» 

.(AP^L 

ci?^jll jp cidjjl JLp 5 jilS Sjty-l OjSo 0( jjj (gs ji juJ c-Pjs-j jl 
dUJb j< a ^-J:Ji aJ ^dJU jIp Ji OJbw? ai AJl jit 0 j& dl £*jsi 

l—i^ J—JJi *L_*f dJLkLa j^fc) JLp ? jP Ua j^j . jJrl 5jl> ^jJl jP 

^ A?uU3 C» .Aikil J jjj ^Ubit Aj jjw? ^p j- oJUfc ^.^,Jl j^Jl 3JUs?-^ 

^Oji ^11 dU-o ^JLLa AiJ? ^5 cj*> j^!^ 2^-" cr 4 V -c^ jJr* <J!AjJ1 
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&J^-A\ ji troposphere *2JaJi jj> ^ jifcf 

ji stratosphere ? — -»t ^Jali Js>j t«j*=)i 3 ^ Mo*! oUT 



J*ij ^JUl c(j*)ty gk* ^ ^ 50-10) 0 3 Ojjj^l J* 5iia3l ^ juL-jfl yuJ\ * 

jsil - 5U-U 5 i^iJl J y&\ 4a^^I ^ %99-93 j^Uwl 
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Hormones 
fl902uiL5u^lli«, 




^ Lp :cJa)l pip U-1j Jaiil JU-f •tfl iJLA jcs3l3 .lf>l^> *bt JU- ((M Jrl 

H Wet u*-ij op ^ WL^aJt J Sjjj dj^-fj t endocrinology ^udi 

UjLsPb 5j^b CJU j^jjil dJLA clir->i tbjlf l^rUiJj l$3U~Tl jji 

£>\ >y>jj* 4— -jyi tjJ^-ijJ* O^flJl J 4Jtj^ «5JLJ» Jjf LliC (^Lii^ll OUj^jjil 



i^itu ji\ a^JL-iJl ^>t ^1894 fl* iJl uJjl^t SLjfe ALJL. J"^ 
JA— )i oL_- Edward Albert Sharpey-Schafer j**' — * -<^U o jJi ajtjii 



170 



f\ P J UJ tu j .4— JUp dJj\i hi* (jjJ- d\ 0 hdt h%*p $ j£ lit jki .01 j*?JJ 

aaLJi dJU UJi JUJJi John Abel J*t kj^ ^ & if 1898 

ajJJ\ ^ aauL* US' -<<jijSL~)\>> jf epinephrine UUr'f j JJLJi 

Jokichi <£r*^ i^^yr 3^ ^L*-£Jlj JUpty Jjtj <~«AJ t^bu UJbu 

4^ 4jjjL aw J jjyL->)h jp 4>Lk^ J**J iJjjijJ J ijc^ Takamine 
«0jJ\—yj^(» jf adrenalin UUrMj ^1901 flp obw> J .bjt£ l^lsij jw 

SJUjj^i dJuJi ^ U^Sl Walt ^lll Li*» JU^ aWa 

.U jJa*J J^ju? aJUj JUa$ ^JL31 

o\jUa*Jl i^jJj JjJ US' Ajubr JLi Ob?-bj dt&J U cfl902 flP J 
u( 4 William Bayliss ^ Ubj $j*p ^ cj*>j^ J uAjt Olf .^waii 

^Jjlt -* C^JjJ jP*lilj UIp Aju jf j^jJI £JU\ «L~*J t£ >-> pii <*lj>j 

.Ernest Starling 

J Qzj Ui»j Lw^b SjUfiP jl yb fj& ^b^Jt jL ^ip ^ cJaJt *UiP OlT 

.4~^*)l b>iM j^P U Ur^ yfojff jWl ^pTJ £a*A-1 <j> js3i ?CJ jsJl dUJb 

«U J**^ Jj-^J Jj3 iijU d^U Ojyf ^JSU) UiaJl $.bw^l fclkj 

J] ^jlJi ^ j- — • 6^—=^ ( j^-J'» secretin dL^f U j() JJLJt \JLa Jia5li 
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J l_^iP jj ^ ^t.,.,*! i£ jr-HS 0*>Lj! ^ll AjJjJI ^pJbU ^5 y 

dJi — ft <J^? jJ j\ hormones ilail j£yi cfl905 flp J 

jiS-j Jl» ^ IJj jz>\ hJS' jp dUi j cAJUi3! o*>Lj! J>\ ja a^UsLi ap 

^ p dJij «0jjjjj^)i» cortisone j* ^yjj* -« u 

c^i u^f .Edward Calvin jti* > j>WJ< ^ f 1 935 

J — cRobert Earl Hughes j>A J^j o jjj tiiu^ JpLiv 

pl_p 4 jlp (Jtj 1067) ^ 484 Oji OlT t^Uit J 

Uflii jjbu OlT Ail *UUJl ci^S"l toJL* aj\3j ja £j\y**> Oju .^1958 

.0 jfti j£i JLp y^vi ca) jIuj 0\T ^JUl 
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E = mc 2 2 i> u = Li* 




Otila-^ ^ jji* fcltf UilS* alalia ctf it tflUl j 3^U Sidl CJlS* cjhj^ 1 J 1 J 1, 

4* ^ 4_ilUl j Sill! jru a%Jt cJL) jA^jJ i\pt f .jimJl UfrfrUJ Ui 43*** ^ 

C lull ^ j>L^J fcjai 3 ^ l^Jb) 2 ^ = It cSeyJl gjtt J 2bU*JU 

Joxj abUl) jJl J UlS" gJUto I jupI Villa! jjJJt j* c&jUH 

oU. ?- j a cJU*r t^Uj-ill c^xJt jL^ ja UJb- jj 4bbd! flJLa CjJs>X& 

3LJL2JI ^ j-JaJ J) 3 ^L* ColS j t iL/ty jJb J y»l (f 1 928) t jJaiS APj-J 0 j~Jl$oU 

4iujf ^*Ji ja jJUi t Albert Einstein j*^J o ^Jf 4^1903 ft* J 

Ot^j— * J-jn-~ J u^SU ^Ua3 J^c-J ^JlT 4aJpj JIp cUlP jij^j 

dU3 J) JpjJi J boji JJSi -ut Hi c^^JjJi Ji^i J 4aJs»j ^ dll? 

^ — 5> JT OlS^j .Ij^jj-h 4~>*U J 43 jj OLiL> i\£lb 3 jiiJl ILkJl jjs ^1 y jjo 



173 



j\ — «J^U jfc&s-Ji j ^JL-Jl j Lyj 4Pl ^ OlS jf pkjw <^a* bjU Ubji j 

aj*^ ^fti jj-^ jp \Jt?M ^\ o aUr»t Ui jj>I^T ^ 

fj— j f .lg-Ap JbOjr jjlii* *bU?Jj cdJi*U LJbjjjlil JjLJJ Js> i kJLj UtC»b 
.*bjjiJl J liliJaj ^jilj jj^aJl oJLft ^ j^J bS buU? £>lT gjJl 4-^b^Jl j ^laJl jJa* 

^^-Jp jaT jail — i dj-^aP frbjj Jlkj j^jj JjUl jAs^jjJ OlT 4f 1904 fbdt J 
j — « o^ij ^ jt oo^i j UJb ^ jlk) .V y* Js> (olwr) j ^^r 

11AJ1\ gjldl ^JLP Jj J^jsd cAy^ui) £ jjiJl 4lJL^ JJtU^T J<*Jl lift alS 

J o > jsdl I 4 ab j5 UbjjJb ^L^r^i j 4 (t ~Jrl ^j^l Uif 11? Uj c(Ol£it) 

o!l — j lj^L» ifcUjI jjibJUijS Aj^iaJl C~jjI .tjJaJl 4Pj^ l^Pj^ 

4 LiiJi j»U 9rH\ J j— ?■ djJLjj ^jju UgJS' Ob O j^fefj (OUjJl) cijJlj (Ol£il) 

. jAka <j*Jj f jj» Jaid J>J U-j-^li Olj 4(^1* f j&A^) 

jf j) .j^jJ^ £t»b3j tAdbT 4AJjk ^bjt uiT 4*j-4Ji ipj^ ^ Ojsil uiT 

(ap^Ji Lilp Ajlii oiyit ^Ip aJLU iiii apU ^I0pxi-»b U^V Lit iJLft jlTIj 

.4-JOalb U a^P Ob OjSi Jb H \i$ 4^iPj^ ^b^jb jycJ Salll CJlf b^ 

.U^j A^bj ai*>lp ^ba^i j^li 4jb jijjj 
1/ jiii^ oJj^i j ^ojfr^ 1 oy» ^ c^ 1 ^ ^jj* 51 f i^ 1 1 ^ ui^^J 

Jji[ jjUJ^J c)lT .(f 1847 cjsl j^jb) 43lkll Jai^ j (^1789 cAjjI ji*S) SJL^Jl JaiJ- 
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j£ - aiJaT ( 2 ^ i) - Ik) Ijfc&t J\ - SilUt IbU* OU jibJ^J ^f 

L-iti aisw jl .a\kJl j &£!f abLdt J^kJl #>Wl OLJ touts' j( 4j& p V 4~J* j 

jaj Aldous Huxley ^>0f Jtf «jlu)i» .fcjjdi aiUaJi j 4*JL»ty 

U_^l j *ApU? Otf cyf j£j Uf« .0^(ibf jf) p~*r ij\ J Ja^alb (I y \ 
Sj£\ «£*U - cpVil flok^M :aSUJi oJla JT Aj\£j>\> Jaii • 



*J*-*_li j_j^H jlUlt) 5j^iJi tyj^Ji c^U> 4(al963-1894) <#jj*ty c-j\S3i ** 

j— « je^l <J-^J< Ui f> \„< «U j3jJ»» 41 b» t$i ^Jt c(Brave New World 

JjLU Of j& Jb-lj ^ iUsf j fc+josLl 43lkJl jt t ( 2 cr » ,*)= it) *hUM dJUfc c-Jljfc JuJ *** 
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** ♦ 

Relativity 
{»1905<_flLi£Vlii-, 



oiUrl Ja* flj-i^j £j» <£&\j dj&S 
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OU»! jsil cJ jilsJLjS A_-Jl Aj^kJl Oji JLod . Jj£iJ j-SJt U ^ku ^1 A^Uty 
.A-3 jJLJi j j^jty £*J*J Aiui? Jj*" ^ J-M^ 

a*Ui opI jS jJbw Ui .jjy-^i Jtikty g> ^^JJi jl£ V ^iJi jlJLJi JiWb ci^j 

.3 j-£.P 4~«OLjl j-w i^jJlll jjli^jiT }Jp jt A^ulJl CJlT .£P J^ 1 J J*J-^ d J** 
Olj cAjj^ Jj-Jt 4JJL£ dMnsil OUiteil O^Jto J Jj^JUU fJJsj djJtj A*£tJii 

. J y-aJi jLs^i J JJii .aj aJIpJ ^Ip l$J oapUj 5jt£ j? a*w? (t JU» 

A— Jj^iJl AiM»lji AJ c Jjj A^jLJ-1 jjbuSjjT OLLUj A-ijXa j_Ju> jb Ij^lj 

. jj^jjjj A-jJLa O jjf Jisit t5 j£S> AjuLJ) jA*JJ Mj~*t JjT JbJU A^ jA» ^U- 

J-HlJbJl aJp C-oi'l y j^J j ^ ^Wl j oLJ-l J dJU'UJl ^yaju ^Js»f ^5Ua 
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.4 J^JLflJJ 4ibj-j^ <Uiu*j jl t^jOsH dLL* J JoJU 0? J*b j^liJLuT OtS* 

f\ d\ Jj .4.,,,, b Z*ijfi> Jtiltj Olp>b **bj ^JUJt i3 jsd jlj^Sl <UU^f 

4 -i^a Aj^—jj^JI y> 5jfb J ^k?- if 1902 

dlL — 11 J) 4 jit oljjty ^ 4J OJJ t Ju*~Jl OLikJ ^walt J jJ^Jl 

.A^-jj lX*ey ^Jji^ 

f 1904 f\ * J^-sO c^ 9 f Ji J ^^jj-Jl O^j *j*U J kyd <b jTj *Ljf OlS* 

h, g» jl 4iV i4fc>4 <-$j*t (I -Wdl J Jjt jJl Ob Jibuti ^ 

(dJbu£-^» j) 4 ib 4-_3 ^ -UJb» - Ij^li j£j ^ 4j! US" .(JU-^lt) (daJ: 4**Jb 

lilS JU-^lt J*A^ * j-aJi ^ 4Jif h>y>- c*b^ j) j .4wiUrl Jb£ Jwb Ob 
*Lj( (£ f-A Jju-» Olf Jjl^\ 0^ ^f c£ J^aJ^ jUJrl o CJlT 
J Ulj c^^AJ c^I o3 * j^aSl 4o OtTj J*rji j*L~*> OlS* .OjUJr A^jJ-l j! 
P iai3 j£> ^ * jjalli .4\jiUr» Ji^ J** * jjall 4*j*- cu^i (Uj A-^Jb) Ujjkw 
.cJ'l y f j^ilJ A^iUri J j**- JjuLj Of t4j jfi OtT Jj tj^ii 

jjLJljT ilsPl t( IUJl J aULJt OUity ^f J^L> bjjj UjfU iJli £)tf JiJ 
c^^UJJ dJixil JJUll JU- ^ j^aJl iaJLd AJl^Jt «ijJbiJt Ojl^db) dJUb Ji t 

Aj^kJJ UJb-f J fJ& tj»1905 filP i^Jp 2Ubtf Jj bS J^»jf ^jUJ 4jujI aLJ^ AjIsT 
.(4^1 it jt AsjU i^^j if fU^Vl iillalt fc^Lil) i>l^1 JL^Jl 

' * * * 

C ,^U*)l j^rl Wj~»J ^jyb ^jlil ^b^Jl lift jijMsi CJlS" 

4 — jjU-i — c- — ^ — ll t^jjj_)j 4jubr JJ dijjsT^ 4> UlJb-J 
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J j L) *T yxdl ^Uor^l ^lP 4fi*hU L-^Jl f j$A* C*- 44-oUJl L-^Jl ^k> 

(lull a] JJL^fl J-r^j LLto ^sSl 

Aiu, J .W j*sj> ^ ^^fibil J jT JLp bUsPl JSLia ^/ 
L^T * j^aJl AP^ OjJy JitfJl j JialJ Ji£l fj^l Jlp 2L?tiM A~~J\ " 

IdLJUsil 4Pj-*> ^tOjl c^J-a jP jlaJl c^A 



Robert Marc Friedman 0UJ_^3 o ^jj oTjj ^t^i^L/ii ol /ait j Jjl- ^Ji 

U IjdT jjUJLjT 0! ckUJt ij*-Jl AiJaJl 4U$-* ^JUl £\ jj\ i£Ju> J ^ jTiJ ^Jl cAil ^Ut ** 
.API j 1 — j dl) jJLa-> cAAJWJ jb- 03^» J iJOj £0 t ij*-Jl ^ jP JLJ OlT 
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Vitamins 
f 1906 c^Li^VI duuuu 



> j^j^ajga ajOp 




Oiyi jJ !! iJj+OJj i£j\~j>\zJb\ ja libjs* c^?- A^akty ciLaj ^ 

j hHj jl .i; - «Hl fJJjtf *i -Uw j*rj oUi^i jp- jf - OU^M^ Ld JJj" <#t 

J^_> cOUJ^I j,^ar l^lsJL ^\ j fUUl J 5yUt j^bJl jP Of *b-f Jb JlP 

.UjJbr tj«Ju *Uapty ciiltj plpj ^V-j^-S?^ pip ja Js>j LpiL*rj ^Uaij 

beriberi <£j. J>j* <• d^ili j* obuu J 
*b tJiAsS^ tf> .jJ>i ^ J ajJlJ jAi (Oiii Jj-i aT^i) olU* bLJ ^Ip 

£-*j ^ll Ob'l^l! oIa jP a^U ^1 Ob tUUlt jfc c^Jt ^Jrt jP JbJlA-1 

cL^Ip u^J%j 5— > j^Ji ^JUu ^aJ jii ^-JJi £ jj tf 1896 fbJi J 
v^?J dUij -uii j>j Ji jiJb Christiaan Eijkman OU&T OL-j 

Oj — > ^\ — )p *bj L5 -£jtf cA3 j*pj jj» Ojw^d 0 jsd Jbuj -S^A 1 **** 0* J***^ J 
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J}— > X-J ju^*^ Ob 0>-j3 cj- brJJl hJJcj f 13 ^JUl £Lk)l J>l3 01 tiJLil J 

*!_> jll d» jJL-*- JJ dDij yUl Juifcl Luf J**£~il j^Jl JSl JIp ^broJi 
(jia-— J^) jjJl ^^rJJl <uUM 4Tj-iJl *1jJU 4£j WLPj .0*bjtj 3 ^iLa 

.^1 jjJi ja Oj&lj £>JdJ fUkJl JJ ^LkJl t JiftU! 

f .l^P fUkJt UU g»j a^r Jfip *JrU* f j jufr Jjll J* 

f, Jl jj— II Oj**kj frU^Ji OtS" Ja?-*^3 tAJi^i 0 j?vJl 3**t»f ^a^ij ^ 13 

01 — S" c jiaj^l jjJl J^*s~J ^! 0 j*-Jl J U~j .(Sj <Jj}\ Jp jA ja *Jb- h\ 

^juj» ^ oJj L&yt Fredrick Hopkins j£ d±jJ*J OtS* 

Ot-f j) J ? 1900 fUJi J . f 1861 fip J UA^t o ^ 

4_^«r! y J*>L-> .«0l3 yj j» j\ tryptophan ^\ ^Slt ^ j^jja 

Ip Ja & JUaiu CJlT jJ JLjJl gjJaa^J ^ J oU< Ob Oar j t y-T J^J 

JT t j3^i ^ L^f UaI^ 13 djJL*SSs Jl^\ t? 1906 JjM j 

oL-uijjJt ^ / r _a j-*,, I tdL^JJ 4jjj^ (^Uklf J gJtj) IljiII 

j— II — * dUu* JVS" c y-T jjua« ^( jSj: dJL^3 t u jl£ 01 ^uJi j 



180 



t(f 1747 Lind *uJ <J-S^ US') scurvey <j-> ^aJi g£ a^ftiJi 

pellagra uiuJ-ij ^ ^aJij ^ <^jJi u»i^f ot j» 
at ^Tj .u ^ (j&j jf) oUJ Jj (f yyr) ^ ^rj <^*^ rickets 

OUJ?lJji jP 4f\Jl j) 0&j*JJ 4***^ d^j^ jp\ y>*i\ 

«OL_u«%>j «SL—J-\» £*£ t J^~>*i <y AyQ ^ Mfj 4P 

x<oM~ji)i>> j' vitamines iUT ^ J-^J 

CJ\ ualuAU 4_Jjj*l< 4_jj-U)|1 L*~-Jl «e» tj^tfi cOU^i 

u^J 'j** 5 u ^ i*-* - ^ cr^ &~ Ju«~/tfi JLi J»j? ^ ^ij vitamins 

.*OluoMU j£j jA JUi'! Jbo >bty (Jj ^iiiJi ^JUIi d^Ji 
c^j^s ¥ dbn^ 5 jUs> ^ jU-l £j3r Ob JLAyu Jj* iSLijjla JpLa>> ^ 

Hershey ? s Sugar Free j£~-J\ ^ JuM ^jTyJt ^ **^t> j* ^ 
JS3 E o^M' %10 ^ Chocolate Syrup 



Jj j\ — it j4 Jjf jew .f 1929 f Ip OU&T (**JUi)1 jf) ^JaJ! J Jjy SjjV jf^ j» ^Ui * 

.^jsli — j^Ji ^UJi a^UaJi J lactic acid <^Jtfi j^^^ 
3a^»jj t iJU-l3l l^i^ti jT^sii j^ri ^ The Hershey Company ^j^a ** 
.^r ^dl - UUU J ^1876 flP c^»tj tSJbdl Ob^ jJl J 4rt jT yJl olT ^ fOif j* 

181 



Radioactive Dating 
f 1907 ^LAtfVI <Lu* 

. : ^ wuJ- ^u&s Ju*> s^uasvt y 

S^r^Jl J^L£Vt lilt 

oJL-jfe J_T CJlT t Jb- 4jj JU> .gU-Jl ^jty j*P frUUJl J*JJ1 

4 & Jjf <JLla£j ^ jjaJ $,br 0? J} cOy^J ) J Jj^l *~P L$*btf OljjJLflsJl 

. yjb ^flhifl jjJiJ J jl U j*P jLJjU 

£djL-J lutji j iLaHl ywijt OlikJ jHjUii *Ubdl ^jjJjj c3U^S*t JiCo 
j— a 4„rt j< Oju j^jlb <U-U^i Ur jJ jJr\ phi SjjAjj j .4XJLaJl j 

fUJl Jj .j-^ fbl* 0^1 2bl^ ^jjf <£>U JJ ^btMM ±>UJ\ Jl&\ 

(U^V yikJi OJ^) Frederick Soddy & /- tiio^O* &y&\ 4^1902 

f j— OjaJij f j-^ibjs 51 ^ ^bi_^ bu Ernst Rutherford **>j*A> c— J jjj 

# «* 

^ ^ ^jsrj* U ci-^j JJbd U Ajti hj\j APj-o LpU-^J 0^1L« 

j— *p» jt half-life — i » i*j ^ J ikJiJi oijJUi 

itj .ijjjJ^ tUj-flU Utj tUj-flll a5JUp ^ jc» c^oJjjJ |tlp :(^1937-1871) c-Jjt * 

1(|Jr - f 1908 f Ip frL*^l J J*> ijftsr ^ jb- j cdjJOJ ib 0 lJd1 ^jyi 
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.OJbjJH jLdl oJLto .Uu.mj ua-S" jj*J U oil i?UJl 

^ c — * j&\ J f 1 870 pi* Bertram Boltwood ajjs)^ fiyj* oJj 
tfl905 flP *b>4 J^U .J^j frUjjiJl f -*Stj*^ ^jJibU 

.lib i^-dt JU- J^ti O^bw 
<L&: AJUi ;A3jyta isjtf ^j^i d^S^i lilt f JiJJ^J f ^ JjJ* 0? ^Jjs) j> Jfi 

J ^pU i^i J UuJi 5 JUp *M — sj\ JLu cJji\ j* p£ -o j-*p JbJb*J 

fj_JljjJl Olji iJLP c^LJ- S\Jju ^Jjs!^ 0bu*i1 c<Uas*3 ^itf J .Syt^Jt 

j£i jtJuti UUb UbT liuk* j^^i JIT j oa^l jJi UioJi J aUsli 

jlail jJaJl d^JLl uUflJi j^P A3 ju> \ j>( j ^ jJljjJl Ji^ 4Pj-» Adywj ^Jl J 

J i>*}\ J — bnJl l$3 ^c: ^Jl dJdl c^L*^- ^jjJjj jjJLAf c^jJIjjJJ 

.bb j^P Jj J-^jsJl ^U)b j c3 yc^Jl 

2 lb- JS* Jj .AJJjw £iU 3 j-^P jUP^ 43bL^- *Jjdji cfl907 ftp J 

j — *P i jj J^J ji_J .Ol jll -Oba ^ j Jj -Ol^Sjg frUi*Jl jj^OJ U ^031 

Ju_^f ^ jsTt j^j /JU-l ^oili JSf) a^o OjJb 2,2 ^ ^sTL ^j^i 

.^r j±\ -iuo 0 jjb 4,54 Jt j?- ^j^i jap Jj& Of tbjJ jJrij LsrjJjJrt *U1p jii * 
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J! Willard Libby ^— J * y*—>j v-Ajfi* <p 1947 p \p J 

45000 ^jiu I2i:> tfcjtt <jLdl g^-Jl ^J14 - 0^ ^Ji Ju*~>l J ^ 

.l£J&\ Oil? jk^il jtJjl jj jiJuti J Uajt cJUxujIj US' <.h~* 

jfi O jJJl <J* s-y? yuoj ^iUJ LeU-M J4jtsll z^LoJjJa Jptt** 
5f 0*4 ^U-*^ jjjkll ^U? - fjjjljjJl Jala* jUju .fl yi\ 
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Function of Chromosomes 

f 1909 ciLSu£VI 




^ T.H.Morga n Ctejj. ^ 




^ Is A* j,m — ;* j £y»b£ J Igjuu ^ ikj!^ OUjjll t)L JlP jj* <Ju*f » 

I j^-lP ^1 ^ tdUi O^J J 3 ^* *AASJl p**^ jijj^ j *^^r ^ j 

T. H. Morgan OIpjj* .jui j>~ijjJi 0\T 4^1910 fUh J 
«ob j_J^ 4_i jf The Fly Room u .t/ ^ j^j J! 
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j — • j_Jty cjI jJt p Vr^rj Oli <*3 cii^i) 

p*x±\ J 3 jjt^ lit c ^ j( .oLJ a*ujS oLUb ii^UJl c^bi i^lji jtf 
CJlT cUJtt .j&P *i ^Jj^\ jjil JS*tf CJlT cUJ .(jSJJ £j lijfe ^^*=i 

— _ 0? 0L_Pjj* jjoie d\£ <j\ - j~*>\ Jib x>JL?r J-sr «-lia*l Sjjtf 
Jf~J oUJrl JJUJl dJLL£ CJtT Sj^\j . J *A~r 30 j*- 

.LUtf jSfty £ljiVb Llj 

OlT JLoi .As^Iaj OUI ^bJbj APlJrl JLp IftjUsii ^IkuJ JUfe-W J^rSl j>P fcbu 

A—5fl - 5 j— OlPj^ ^iP 4^1910 flP ^ J>j jfA J ^ J 

. jl^— 3*^1 4 ^iaJl A.jt,.*y) J js*Jl jP U?^p L3U> ?.Uxj Oj-w jTi 4^bi Jbr j 

jfr Jl>\j Uajf ^jjj Jj iUaiio iuJ J 4^ b^- AJUbw j^jJI jTijl IJLa Jj»j*3 

0 j_JUl ^jj ^ jf c<ji?WU AjjU? tfrUxj OjeP j^fcj cr^J^ J-^ jl 

> JlJb j (Uli 4J j!p) ^jjl Cj j^t A3 - AJ^ jf 5^ Ajf 

! Jj»^I b j .SJjJLr iibi 1237 a jbw j OlPj^o ^ ^bf 5j*>U J!a£ { 
JL_S" . J^J ^j—Ji Of 5 yak!^ Cjb^^ Mi .0 j-^U ^ui OjJ Ifu J^J 0\^ 
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tfyj .Liui? *l ^ Ojjiu ^bj( SftUj c^Ulj Oj-ju JJH iJLa JlT :g^*ll 

Ol^-JUt oj * 4 iIjOj j .^JUl gy>bJl y ^ 4JU?I Oijik C-*Jb* 

— £ SaijL Jty A^fUaJl iibi oUjt 05 J) jtji\ jJ cf 1912 pi* J 

JLt — sTl j Jj ^» ol cJf t JJL* JukP JLjjJ 4s)jl£ ^p^l ^ 

^Jl*rfj cdy JS" 500 g-fcJ Of 4$TliJl 3jbJLJ j& t^LojjId JjLav 

>l£)b lit*- Sjj^ V 



t^j^Il Ji*- J Ulu ^a^tJi J jt 0 j^J ^1933 ft* (Ai^uUiJt jt) cJaJl J Jjji SjJbr 
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Antibiotics 
fl910^Li^Vlii^ 



_ , — . . — 

P aul Eh rllch 6jj J ^ <> 



V-gM OL-T .«5I J-\ JJjjfc^h Aitlit Ais^j> antibiotic 0) 

CjI $ J>\ dJi ft oU *Us>ty *J .4yw Ob jlaBj tjJrl J jap id y^jJ 0 j^tlall 

. *Jb I^Up j Li-T jP 0^3 ^Jj j£j (I j^Jj J^jw CJlT OtJail 

J— ^ tr-^J t/j^J tJb>r Lr** ^ **** C^ 1 -VV^ 1 ULT^ 

t(fl928 flP JLiiSli 0iJL-J^ l*^J-S ) ijj-i obUll gs-jl £*Ji 
jil Jj^ Jl c^Ull oifif 

J_>j t L* Ulk AijT 1854 gvlti Paul Ehlrich fcjjil JjMj 
^il <Jt £ p aJUp J AJii jp- J?^M tv-JaJt J LUJl cjU1jJJ\ Ji^ jxJjjJ 

CJ\T VL*-S3l OUST jll ^ Of lJUfc aJUp ^ aJ oU .UJ jJi 4j^fcl oUjI^JU 
JL_iJUiJ — \\ J^UJl CJlT Jj^l Ob ^1885 fUJi J jwaJl 
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£1—^1 j * J U*Jl JsJ 4J^Ll* ^Ul ^JjiJ Jbrj ^y-f o^o j 

I j a J It COUlaj 4JUu^Jt ^ j*~Ji Ju JpUsJl ^Ip 5 jk~J\ Ms^J 

jj\ dj—^Uo JaJjJ SjJjJi ^^ij ^Ip J-oju aJU^T o^U £^*> J cl^Ja^ JlsJb j 

4_^U> jib) > 4 JL^jT o iJL-^ft ^Ip £j y\ jlfct .<uL«d U 

.5 j^iJl aJu* Jj 5 j£\+a aj Ji (jts^j J*p 01 4J IJu oij t «A> ywJl 

J ig s^i^i djjU ^Jjd! yft^ 'Oy^ J^hj 

£+SjjA r » lb tJ_Jl .Aj>j»t.m il 4JL_^?U?j ^ws I Jfi ^a?- 

4 — JL^ j— a U j# ^(^^Ji^Ji) y>}ll jp Jk jjoJI (.spirochete 

* 

j a w dl— aill J 4sJLpl3 jtJjjJli .AJli" ^1 Vwjj d*LP\3 %ju^oj 

^ ^Ji olT JLi cw 606 (•Sj jU J] J^j £J jd OtT t? 1907 ^ J 
IjL-a jSCi t aSuJi oIa JT Jby .<Jj*^ Je> j£, 5^ ^» v^b' ^-^^ 

100 jiTf ^rr'j ^J^»» salvarsan j<4j>\ dl^ts Jli ^*Ap 

— ^ jJJ d^l — laPjj LPlw? djwii ^IjdJl j£i ^Uil ^ijj Uu*» (J>Jl ja 

L-*\x>\i cJ-4-3^i 914 cjiT t u^r ^t JlS^Vi ci^T 

.«0UjUJUjJ» neosalvarsan 

j — £ j^aHt ^ yJS OUjiiJu jJi ^Lp jlJ j£j 4iyi y-T o\T 
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.apuji ^ chemotherapy 

antibiotic 3—* obUa-Ji 4 — a jtf*» ^3 £ t^Li^i* <jP>UL»* 
^ a^y^Ji v^Lb :^^JaJi ob** 3 ^ aj^Up^i ^i^SU resistance 

c~~sfi JJ& .AjlfJi J i£j»Q\ 14 l^TjUJ lil^r JJLs iJLij cJLju*> 
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Fault Lines 
^ 191 1 ^LStfVlliu, 




^ * dJJij 4 J L&u*y > V^jf Jj'ij d/jJ^ jiij^ o j«5j=i ui-S* f jJl *U1p *iijJb 

di_ft jSj (I tjJ Ja* JJ i Jb- AjJ ^ .^JUaJt J? jk^ git jl ( *^kJa£ J*>U 

.Jad ABjyu Sk^Jl UJi-\ 

gjuL-^ JusPi «4*j iJyjjJi ^jJb- u*pj jjL u2u( a_*j^ 

(ibjt otiUSJ j£i ^Lp) i> jk^ frU-UJl t^l750 flP J^U 

JyijJi ^jju^ oJla ^j^Ji Jp jL^ iUjb 1 jUp 1900 fUll Jj 
a-^I Jj^jJl it ^ ^pl^t j* t Jb* bt ^Lp <*uU!l aJjj! ^iJl tkM OlT 
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f ip i£>yH\ jj^lu 4jXo j Harry Fielding Reid ju 0 j-^jJLi ^jU ^Jj 
J t goltt u jt&ty dJLA cjiT J Jj^i y ^ j .^1859 

4iJ 4-i£u U cijJl ,i)Lfc ^ij c(5 jJ^P j^ju) ^1 865 flP dUij tj^o jA 

c — *>Lil 0j o ^1889 flP objii Jj .^1885 fte WrjJjJri J oljjsf ^ 

t* << <* 
.ajXJUH jUty J j*- d-^Jb U^o Uwbr lib^l 

h J— ftj Aij-Jj-Jl cJty Jtr J l£-^f jjP tJlkJt Aju-^J O***- ji Jbj f\3 

O^L^k s s& .^jty <^?y> ^Ip Uybj cliliJ cV^T^ c^aJJrl jlity jojJuj 

ijait (t Ja*Jl j£L~J1 y OU. JljJj v ^ f 1906 flP (Jj^I) OUJ ^ J 

jilt dlft 0 jaJJj jjOll 4*~Jt *Uapty 
4 »\ y Jl JL-jj Jjjm> UiT jili dJLft US C..n.lk^l ^1 4*^il CJlS* 

j—p d^-i 0\T oijJi iLk jA i jy- ikktf u jjaJi^J U^Ui 4ikiu 

?a^? Ji\ jj^i jj v--Ji oir u ji>j 

V t42Jjj .^-lio Jj*ij ^ Jaid cJL«S|t 4Ljt u* iS* 3 

d\ j ^ Ja^ ^Oi*U dJUoIl jyuflJl JlP 4*JaP iaiw? O^l^- ilU CJ\T Ol Jb 

£ *ij\teyry CJ\^ olfc ^JUaJt J? jk* 0? JUj ti£ ^ lJUb d\ 
^^-Jp ^1 jali— > If O ^uj! JU3 .4~£ jt Jj^j U^lO^I iaiwsJl u4-» 
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£JLaJ1 1? jla^ jUx*l J* Jeji\ J *jL**i\ oJLiJt Jj»I ^ .Ltlko pjj- AjIXa yi ^Lp 

C ilS* lib- j . J^lkll JiU -lA^JU 4-~^ t 4iJb£ OUlfb jjPwJt c-^c-J CJlT dJUb 

ll Ig* — £j Jj Lklk» Juoitf jjp*-*Jl dJLft cJtf* t^l yJ^l J-^J oJLiJl 

^UjOjf 01 — - ^br jfi Ji\ jtk-J U*! ^Ua£t f 1906 

.(f6,4) uaS 21 jiJUfc San Andreas fault * 
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Superconductivity 

f 191 1 LiL^VIJLL* 




dUJL_T j4 J^} t^t j&*< dUUc 0">t* jll Jjrif <>*i 

)i jjyJl J—tf- Ja_0J iflSlflJl 0*>U> jil JUr> i JaJ-l (■ j-J . Ji'Uli jJJ *~Jb 

.^3 Jf Jpji Uljj j 5Jb ^ jj^j c^lkll J jldi* Oj^ jL»St 
. J*AuJj J 4*tf 4Jl£»}l iJJbJti ifij cAJb ^1 Sibil dbyij 

J * jjj udj* J ij^jjw f 1853 f\* Heike Onnes ^jf v*JU jlJj 
5— 269- jf c — iU j$ 456-) 5 j» >i ol^ ^ ujJi i jjj-l o jlfi 



194 



Lord ^ alS" a jj-JJi JJ ja Jl^\ ji lI J^-b ^ -u^ oiT ^ <JSjs?j 

. jllaii yU3i jt jilT A5ry ^Ojj /Kelvin 

j>- ^ | jLJi dJLP uiijsij cOUjj^)|t ja J&y m jlkit yL^Jl oL 

ji^fl h iu JaJ& -^^nJb 0 jy-T ja\ W~> .AjU *il U Ji 5 4* jliil d j& 

jLa It jlp U Aiub- of AJbr ^^Jj? jy& .a^j ^kj cJlT JS3 

. jU^^t j j^xiJl o jlnJi OJU* Otj jilail 

c\_>jJJl H UJj jf Olf c4la^ j~J~ .^jJL^ 269- A^r ^ ^ L y Ol&a 
j— * 5Mis_*W f-wasU Xjt ^UjJ jcpW bjy ap y d&j ibJS} aa*1£ 

.aJw*^i 

Jl J-*J AjjI ^ obr Ul£*U ^ 0 b£ ^jf £j\ ^ 1907 flP J 

(i! Jj* ^ fJ*Wl jlP XjJ aa>> t fl908 Jj .jUai' >*Jl 

0,9 kr>> Jl <o J^?j jj*- 5^ jjJl jJUJl JjUJi Jbjj J Of ^Ikujf f tiUuJi 
^^-JIp aj jJLi j\ iJyt !f Ull dlb AjI^j (jUail yL^aJt <ijd a^- ^ Jil <^f) jaJLT 
dUi j jilT ya^? Ajy ^jJt <J JiUJt ^ jJLil lift Ju*=~j1 

A o jJU Oj-J^J frl js?-t ^ 5 j^13 A^P j\ j^k OS ^ j? OlT t ^191 1 f Ip J>U 

A^ jOJ UU ^JbiJl j *i j\ f j^%Ji dOjjuj aJ^ AJUIj^ (oJ .5^ jjJl Jj'UJt 
t ^Ja^ y 1^13 ^\ OljUJl CJlT cjb- Aif ^Lp .jUail >^3t jP A^y 

.Afi-b- jtPA^lsij 

^U^ll ^Uji ALU* ^aJ^J j ^Ujj ^UjJ :(f 1907-1824) ^ ^ * 
William 0 ^ — • y (»l_Jj ^^5^1 <urM .aikil 3 ji ^lJU js^ thj\ J~\ l£j»tyJdl j 

^-i Jl jfi-^-i U( .aJLU-I iyJUll AJijUlj Itf^J i jjiJU ^ Jllj cThomson 

^— J bWj ^ cJiT <t~r cAjJuisSL-^i j£~>ys- Aiwb- ^ ^JUi ^^iT 
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a_ Ajlili ^Ul aiJbu iU^ cji& ibL*ty ut .o^jty ^li Jj ia^ 

. Jjjji JUjJ jAlT 0,9 45T JJUN f jJUl J**U*1 cSaUltT J .4Jb 

Aflr ^ 229-) jaIT hrj* 40 Jit Jj 3 ji fcr^ 4J Cwa&M <£JU! cijJt J 

C £ ffes .ft J^-ij Jpbfc^b O j^li .^U^^b 4Jb io jtfll oLu c(i$ jJL*» 

.yi^aiJ Akjla j tdb^d kjtfU CJbM jilT 4,19 kryJ Jj-^jJi JLPj t jilT 20 4^ 

^Vrf£)l jUld .^^Jl dm j& jl cjilT ^ 4,19 .Wli 
*>! 3 jALJaJl a ^^—ip ^^—i jf J Ltt ! J J] 4 li ^p dj* <Sj>~~> UlT 

.«i#bi)i 4JL^> jf superconductivity 

Ja*3 jijJ .l^Iai l^-j-i jJLi Ot Oja j£J ciL'UJi aJL^ jail j^-jj! cA>ViTl 
fl951 fl_P ^ (lUJl ^Isuil 4^ ^b (dUi Uju) A3L^Tl f U li Ob 

.iauli aJL^? jsJi 3 ^^sj ^bbj hjti John Bardeen jj^jb 0 yr f j£J 

^J-^J r^) J^' f >b i&UJi JUL* jail jJ*«5 J £<4 i*4 

-(*jJL-» 131—) jaIT ^ 138 j* £M*\ ^UJi .(U<*)1 ^ 
^ :>t£J lib* .^buJtj jJjli 4P ^ ^ JW«->b tJaJ-l 

4 3 jjjJi j^JD a_j i^kdi cCERN J :2UujJb JjIa^ 

J*>L_> c^j— i ^b jU Jj\Jj^*i AJb Aflrj *UUJt ^Jb^l 

L^! Oj^ - Obj-^—lb dUi yx*>\ . J-^ jJ^ 5iild 3yb 

Tatyana Baturina bjj?b uyujValerii Vinokur j/j4iSj$* j* UJ^i ** 
*Jb- O^J Ot If^lc iflJUJ) iU? jsJi O^J oi ^\ OU (f 2008 Jj^J) i >• 

^ >Ul< jy^-Jl j oUn., gi^j 3j^?rf apL^ J gJUnaJ l t J-^f jsJ\ ifljUl^ jli jl jP 

OUjlkJl iiipl ipU> j Ji>^l iflSlaJi ^ j3l! J>JU 01 J*jL» ja aJL^Ji U-kJ\ j 
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..iJ^ty oJLa l^JLS ^\ i* jUll JjuL dUi j 
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Atomic Bonding 
fl913 LisLS^VI liu, 



, 



H^Japf U^l j i\g jk~a JlT Uj tSjJUl UlT JlT U CO 

** * 

(OU JjS^J^J ffrg* jli- IaUM! 4j jkJl j 0 j-^Lll 4j ^cJl l# JJ* .Ob JjS^JVl 

jjJl j£ 4J juwt J 5 jk^ ^JUlb 

JLai -f 1912 fip jeyuJl ^Jbtj *i Niels Bohr j>> Olf 

tpL-jJl dLJi ^jj J j& .^pJ? jJi ^b- ^b ji Ju* k*** J J ^ jlU la*- \ jJw> 

ObjkJl j^* ^JL^ cAjjlf ^Jb-I ^ .A^yruJt 4jjiJl ObUl ja ^UJl J^-il c^dU 

IjU » Jbxsjj jt j^b AsSU? OiiL^ J y^oJl dl AJUlfiJl ^L^^t 

ciad IJLa diJ^s 1 j^Jj dJLA j J^4Jj J^S^ SjiJli .5^1 J>b Jj UjJ 
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.ol jJLU o yJl cAjte jJb ^ ll)|l j kkiJl ja ja~a> Jjt? 3 j£La jS> JJ*>b 

A£-L)t Jj13A)I cik-* ^3 .OtJ*dl j ObUl ^L*- <£J AjjJJl o CJlT 

P iJUy 30jOJrl JjliJJl oJu* 14 OPjUj ^Jt bljjJt C~-l3j iAjjAJl OlOUttJl jP 

a*L^> j_« Jl jjJl j£j .aSlkiJ AJb OUjaJLl C~-tf UT c^UasIt ^ 

.Aj>jJL)l ob^kJl £• Uilk* OlT ObUl 

J?~jj-J. P fj_J c^l 91 3 flP A-^jjJl AJlJ- ^JiuJb jjJtJbj^ 

cjiS* oi jJJi Ob Enrico Fermi *^ jjJ j^e^J Ji^j cl^jf ^ .oaJWsr 
clJbJl i» y^Jl J .ALiiJl (OliajJl jf) oL*£Jl ^^aj Uj^ A3lkJt 
j— & jl W\ U ft Ob IjJ^jfi >r A^ JS' Olji 14 £^ CJlT ^\ AStfaJt 4-*S* 

^ Ip j OlT <l£J j tU J^- oj\j*\ ul^W obi j ^Js> \ jas^a 

<i-a L_tbH Aibxli j^bill o ^fcf j .iLiw 2JUaLo ob: 3^b- oijjjj Jxi 
3J jail L-j jJJl CjLj ^kdJ jjsj yjcJl ^\ f, .AiUaJt C>! jjjJt oii Aik£ j 

cOl iUl b yblfe ilajl ^sll jjJl j AiJbxil ol jJLsJl oJLa j$ OjlSj jjj 

.3 jJDl : jJUall oli j-« oUUJIj ^aJLa^ cJUUJ 

t j$ — i»? AJli C^l^ S^sB jj» bu3T Ob ^kJl j OUbJl oJlA Jj jkj jji Jl j U j 
3 £i J,J J-^jj cU 2bj3 Ajjlaj ^» ^jy^J^ OblJl dJlA 14 Jjlk> A^jt jP 1^1 

Jf-^s" J AaJUp 0 j$J Of Ob jjs&^b ^jsii ^ :fbJl dlli y-t jb Ajjjj 

Of Vj_ ^j: U 3ji Slji Jj?- jjOj ^1 ob j^^i Ob jjj ^ jsd! cdUi ^ ^Jb 
— Lp 01 — T tUj — jlJU Jl jiiJl j^yJj .AsjIj Ol jlJU j-w? iai3 Jbrl ja? 

^j^-j j— Pblo Jjt y.j-JaJ aUm Jlk.! ^'UjJ :( f 1954-1901) ^ * 
3 jSL-j?- JU iSLil^L* j tAj^Jrl j ajjjJI ^Uj^I Sjjki J A*Ul ajITjUU j 
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cUOjjJ SSlkll ja j\J6a <jS Of jf d-*- ^JbJLJ Of OU j>£J)h jjJi* j& 

Silkit JutiS jt Ofj ciLUj! OljUll aJU U^f J 0? IfcJp OlT Jj 

c3jUxil j^cJl ^U- ^„??t.j 4JL^ll! j*?Ua)1 JpLjjI c*-^ j a^jLT ^w? jf US" i&LJl 

p-^i) Manhattan Project j?Uu £ ^L* dUij c jSLX. NV/ 
o J~\ ottf jl» JJ ja hjjis jAJi\ jejkr * j^Jr yLsdi ™ 



200 



Isotopes 





Frederick Soddy ^ >-> dby* j» I mliXti ^ 



n 



^1 j-J-l jJl> jJlkJt dLLtf .j-AaJl 40] ^US Jl£j.f ^ U j-^p ytfai 

J Ol i jjJ jJl ULL^ bOP j£j j c^^U?^^ j-AJtLI 4Jb 4Jb jsill j LSLo^Jt 

4 i»l jJu jmt git tL-j j^l ^b cio jf 5 JJ. ik-»f ^ <Ju*f ^1 iJL* 

.4_)jJJl a^JL^I j SjJLaJt jjjkJ b^fcj^- UUf yikJi i-jij^ .iUJill j-^bJl 

.iiJto yilai ^lp btJr *Usju jj^flJl j-ojJ c£ 

c^^JUJl fJUtell Cw? jsPl ^Jl j^-l jJ-l ji^ dO^ jl *>Uf <JLi-S^1 lift jlf 

.\ jaUL-j — * j«- J f 1877 fi* Frederick Soddy <^ ^ db^O 4 jlJ j 
^U—^ 1 JpUJi J j^bukT j$L»*Ap Ajubr J y-ui* JJ ^1910 Jj 

<J^_«J Ajuiil j-^LjJI CJlTj .dJbJbr j 4*J? Jlj5 ^ AjcJLL^ j^taJl CJlT 
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.4*JL_i! ja 50 Jj 40 J* tj5 I jiytf *UJWl OlT tfllaJl lii tfJ? 

</ jjJi—li J jO^Jrl ^-JlP A*J£dl ^Ull dlft ^Jr UlSU 12 J) 10 O^l j? j£) j 

i ilT j) vrjja J*^ cjiT UJf jAib Ot o^ji <(UIp j Lyj liJf jJlia) 

. IJU S jJUl 4*J? jy jl iJLAj <JaA* iali? 
tiLb-t j iJL- buj Ci5" If^J j l^lJ j& aJLT h) bjj jJlia oilsi jl 

> - SjJUl oljj J oUjj jjJl aup liy OlT iS jj^ J j^r 1 ^ * * ^ 

r-\ j5 03 OOP j^UP Olji 0 jSi Jb *i 4j! A^*>H! OJLft c^> 

oJ jJjt <L_/j£ 4 iUko OUaj J^ju^13 .(j jjoJl J jjJrt ^Js> Obl> Sop J 

otji iJ^wl 4jb ^la3 (f 1859 flp o^jjj J y-j^ <Ji~j jp I^aJ^TI) 
J jJL-Jrl ^^-JIp L. ff>t< OUI^ li^l JUb j Aiiitf 4jji aJb<J f jijjill j f jJ! jjJi 

JjJLJrt ,^-Jp OL-^ll ^ J*>bH 0^1 j ^^P ^ j£\ AJl^Ut JIp IJl* Ji 

Jl J— J ^ A j JL-^I j Ol^o Ja^ Of j^C 0^1 j ^ t)L j nj jjJi\ 

^^-JP jT\ — af Ci»-1 ^1 j-AjJi Oli JU- ^ j-** jltf .^^U?^^ j-«Jl tlg^ii 
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c«yikJi» j( isotopes— j r A*)» dUJJ «^«JaJi» t)t£lt ijjj^ J 

j^jU-jyj jj^ j_J sr _£jy^[\ ^L^l t(fl913) ^ Jj cUU* 

^u_*y Ji«Ji yikJ ajjjJi oijj^i Theodore Richards 

iU& ^iJUj frlk^t ^^t-^y *>LaT (j»1932 J) Jjjjj^JJ Chadwick 

o! i jj jjJl ^JLP Ulc ^Uaj 51 jJ1 J AbUsil oU jy jjl ^op j ciJi^Tl Jid 

4_ijJl3i 4 / <u£l j c(5i jJi J oUjjjjJi Adyw j-^bJi of Ulfc>) 

yLJaj JUjis ..Ai .^Ul fJa*a gijw U yikJl :^UujIa ^jpLJL* 



OLUp J lUuil frl j-> Ji^l J 4jU13 i*U OtiJaJ ytfadU * 

f I jj^l C^LJ- a*_J^b a>}U jlll 4itASli ^-J U jf - aiJbtil i^Vu. ji^aaH 
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Earth's Core and Mantle 
fl914Lj>l^Vlii^ 



Bene Gutenberg ^^WBa^- 

L_ __ : > - , 1_ : ; *T 



oL cJt 43U*f ti .jp Ji\ g jfcU ^aLlo Jjja Jjf £ jujjp ^ ^uS 
Jjl ^juj jp j\£* .olii? Jl U-~JU j^Jj ttoJU? UJb^ LT jT c--J j£ jjl 

.(frbji jJr!) ^jty frbjJ (JU) bf l^U? Oju U S^Ip 4-^11 

Beno £ j— p J* % cUdL oLS^jto hjjs t ^ 1 889 f Ip ja 

j .Jjfcn.lt J \jj*r ijl^Ij ^2gM» ajU 4 j^i dikJ j d JL> ^JUJu Gutenberg 

Li^l JJbl 5» ( f 1907 fL- P Jjji-l ^UjSi ^JUJ LmUUi a^Ij^ J 4) flP y& frJLJl 

Emil Oje^ j J^l Jt j^l jJr< ^UjSlI (tip J c^ytJ jP 

^— Lp -(^p jJ ■■■■ ti ) Jj^ jli ^ Jjjuli ^Ui (JUIf ^ijj ^? cWiechert 
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a—,! j*) aU> j^ll ^Jp ja Sj£ U £ <^ 1913 flp ajtj* 

J J — j=Ji ^ ^ dUi 0\T jJi .(^ jty jtb L-l ^) je fi\ *bji ^ Ji (j^i 

.oULJi oJLa ilii l^ij* JIp jTj 

oj ?rl j? ail . J ^lii aJiT 4^rjJb hj* oijAl cJlT U^up jp- iJfijH 

j^-* ±>jJ~\ ja Vjjij ^iuo yi JIp o^»i shadow zone Jfe Uj^ 

.iJljJ j Ob- ^ h\ ja Ul£ cJb*- t4~£jSh 5 

oijL-o JIp UL^ £^ Jfcj UiT j jxj U ij) jJl ol^ jli Ja*-^ Uf 

ci-Jb^w OJUL^ *JbT ^ j^jty jtb Ob JJ&u £>SjP ja Jjut lift .j^jVi j>P 
j— o jjJc^ cJLIl j£ ^cdl AJ^jijil Obr jll 0\3 i ji j^aJl lift A^wa^ L^sSl jl 

jl ol^- jlb> jt transverse waves {S m u 0\T £>?j* 

OL^r jli li aJ^1\ * jJ-l Obrj^ jP oULj dULtf ^>?jp JlT 

^UIp l^Ji^ iiii jl* US iA s J y^j 31 

^ 2100 j;jl~j\Jai ^ Jtf c^j^l cJJ 01 .Jj^j!i 

S — fjhj f 1914 flp Jiiji J Ul^t aJL^-T ojlfj obuJ-l dJub JIp 
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dLJi ^ 1938 ft* ^ J3u4 (I j jjiJt f 
<y j** CLJ 5 ) (< P» obr J* *£*aa ^ Inge Lehman OuJ £j) cif c^uJi 
^ jft -f 1914 ft* UoJttJli dUb ^ ijjkr jftSl oiajtfj (JJtjJjJi 

— i jJt c.<m. 5 US" cJJU jbJ- y-Tj ^JU> Jj ji? jty of 

j_P AJ A\ \Xjj«p JUsTUl lJUb J*Tt jbJ- y-Tj Jtys> Jl Uajf 

i_br ^ %90) c ujj ^ u j^Jj 
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Continental Drift 
f 1915 ciiL^VI^ 




jJc^hi *tf -jTl - (l -^r kltf cJ\T j^jty 01 *UJUJl t jJti <Ju^t JJ 

jjp J oijii dl l j*J ju yjf <J\J^\ s$ .jaJi J uT SjJ 

4_j?r jJ jJr! OtiJaJt OlS* j u^T y jP 4ijOJ-t OU ^kJl Jj ^ 

.^jSl S-^J^J ij^^ ^'j^l Jjf .4jj 

t J» Jb- lS^ Jj Jjbr Jlji *i ^kJl cil *jy 

JLJI c L_?y > aiT f 1880 fip Alfred Wegener 

^L_f dLJij tS-^M olP^kw^l j^l >S Jfkjjt j IJuL-jJ J) j£-Jl J* j*J 

.f 1908 j 1906 

J» j_Jwti5 J^JL-il j — As)! ^ Ja^ cfl910 ft* oyL* Jl* Jljt Uy 
li_ib Ja_*-^. ^ Jjt t JuM t j& jl .Liytj ajjJ-I l^y^l iub-LJl 
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^ Lfcty k^uJl 4jijISIi Jji^Ji 5*ubr iJl o^fef t? 191 1 flP J 

^JJl iJb j» j*- Jjaif UijAjj OjJrt 4jjtfJl ciji^Il ^ liliaJj y*J 

dlLr cJlT AiJ .Ja^l Ju? ^» J^T 5juu £#1 uUUa^ Uif -U Uji ujskjy 
j_P Li!Akj iJ y«5 jl OljUJl Lu3r fr ULJt Je j*\ jj ja hjJar 

J Oj-^ull Ol3L£ sT^I Lr fli cJa*-^ OL»! jJti f jS cUajf 4uJt Oti J 

ft P J .\ju3r l$Jp jiyu |i 4**it£ OU j-iJ j\jf- j Ja*£t i^jl ^ *Jb OU*)U 

CJlT o^jloJl Of c~Jy £»b J-b ails* j^Ua* j J jfc* JU- ju*u Oi j»1912 

lb j,,?? a L^\k? — - v^sTi t y-^i jJu OiC ^ .Eduard Suess 

4_jjJri l^iyt) uyj^ 1 ^ ^wa3^ Olikj £\ Olb^-I cjyt-^Ji 

<J jo i^S\ j J&rj .^LJl Ja^l ^IJLw! JLp Jq*J\ \^om oilb ^3 (Ujylj 

. J^LJl ia>- ^JLwl JlP US C^Ua; ^1 IjL&I ^uJ U 



208 



U Uje 0JU*i* AJUJJ! l&yf CJlT OtjtfJl Afllf ^kicJ 

«\_jfb» jt Pangaea jlfc>f <*u*u au^i j SjiS otfjty j* cij J 

* (IL^J^ tl— JLp OlT .f 1915 fi* j-iJ^ Jl j AJlitlsTb y*J gb 

j cAJiw-sT^ .L^Oi <jjJl OULJi ^j^Jj cijll j-jai J ^iy^j 4jl?r^s-»U 

jfty hJ^\ j* u^ti ^\ 1 jit v&U) 
f%A\ £\i jLioii d ybife Harvey Hess Jj^ uLt.,-.S"i t uip cwjU 

. jJLB <uLj hjaj J d yfcll dJLA ^UJb % j 
4f U t( lUll J JU^l ^1 flkJl cb'iUJ)! t^Loj^b JiLL* 

.Ci^- k~> djA* 40 JJ IJb t£JUl J t(4jJUii 6 jUJ1 




OjJJ AiL^U- J] 4iiil5 O-P yd UJLP Jii 4*u^? OU^I J^U)! JJjOl d^d» j ^aJ 0\T * 
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^1 JjjoJI lj^oZJS 

Black Holes 
fl916^Li^Vl4i 



. . _ , , __ s ; . ; . ■■ ' , 





^a^ti asm u&lsosy* \±± juu i&u 

J j c5Jb>br 01 jT^ 5iVj jTuf *b j-Ji o j&Ji OjSj oS .4jjU-Ji ft j*rty ^ 

yLJU aL>s£ JjLjj jia*Jl Itofbu . j^jJl 4jUj AjIJU Jl juiJ 03 j t $*Ubr i\jo^ 

*b j**. It o j&J' 0Cj J*)* dUJtf*j j^p 

ilJL^I JlP djOili 0J jJ £j\Sw£ J+jei t J-At-dl J 43\kU ^l$Jl jJUal! 0 j& 03 

J cL-S^V ^^Up ifja* cfJaP j«J klii: t ( *b j-Ji o j&Ji cj\T 

.^Jl J jjLJLjT h £j Js> £±\3 JJjj J^tj 

jig— dt I^Jf iuilir C^~^ ^ .AijiUr cobjt tf*dt UAT .45b 

.(^UaAU 4*adt frb j-Jl J) * J 4 * t^ibrtJl 

.Karl Schwarzschild aJL^j^j^ Jj^ t 5js^*d( 
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jfij^AS i^Hs JS&\ g£\ fUf 5 ^1* JdtJSjjJjliA ^ c f 1900 fUll Jj . (f 1889 
j c^L^j ^p Jj-Jaj £^iu caU>SM ^J%" pia** J*jw *i *Ui)l Ol lA^U ja 

^^Jp ^L-Lty jUH g> azaJ*- c^1916 fVP J .*Ui)i jP U>jJb 
J jili^iT o*^U* J*: ja Jjf JLLiJjJjlii OlT cJjSi UUll o J^U ^-jjJl 

Oj—jfei .(o^rtwi c^^ - ) viU? j^i ^ cJa ^ jS\ 

4_JU ^ — a oO^lj ikii Jl JUSoj c3*>Up ^ ULP Ait jJLiJjJ jULi 
j, f \J&A ja CJ^i\ Oij ^ ^ jJaJi APj^ J jis~> <tf*3j APj^ 013 cAdli^Jl 

.lJUb UjTJbjsrj^OiUjlj ^ybM JL3 ^j^Jt jf ^ JUi OlTj jJL^ .jl^ 
t ^1916 fL-P ^j— c »j jULiJj?jU-5» J.tKl tOULj*! oJuS 

. jcP *i LiL^- ljj£ OlT ^ U Of JisPl 
OL_T j^-l ^jsa» J js^Uil 1 f 13 if j«»tJl 9Ui js-Jl A*Jaj ^i^u 1^1 jij j .i_J ^ll 

,»--» John Wheeler >j 0 j^- I jjb? i jj ^itJ ^iu^Ji 

(f 1970 fi*«ij--Si^i» 

dUb cjiT .ijj cJJ Jjs- jjju Uai 0^ tCygnus X-l 1-^! tr 5 *-* 

. Jfitj^lUiS ^ Ujj ^. ^1 JjSl 5 Jll 
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J J> ja dlJij t f2004 f Ip iiUll oji lj* J *j~-t ^ jjiJi ^ (I 

Mark j— &j ^JjUj J a**br j* Phil Charles jJjUj JJ 

^jSi *4ye ii-i 6000 JlTj cUjj^ 4jwLr Wagner 

*bj-* ll Oj&Jt «OJb» cjLT c3UsS*l ^JLiJjJjlAi J ^ .tJ^£ 

.*fl916 fte dUij cUo^f ^3^> juu j& ci/j 
l)LJ t f2000 f IP (jfe) ^ d J>^ 4 JpL** 

j^_Sj ^L_t^UP^i *bj-Jt oj&Jt aiA .V4641 Sgr 
J 43\iS3l 4i*U3l *b j-Jl ^ j&Jt j&j tOly AdUf ^^^Jjl 



-(^*>LJ! <lJLp ^Jb jj( ^JUl ^ JLi oti 4iL j&« ^j>\ jfijA j\ pemphigus ^UiM 
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Insulin 
fl921 ^Lj^VI 



— ■■ — 



^ JjJ\ ^ ^1 ^LSJSVI til* U 



itfJ^ OUI jj-l «8 jUflP» JUas->) j iiL^k £xib dLjJU y JLi»5fl 

p S^- iiltt ^^J\ US' d^J £>t 4-3 5M*Jl cJj Jj .Ojlt jjM^ jj» ^Ull 

jP 4i5j3 Jbu ^b jSCjl 4jL1?j ^yajjAiU 4djyw 4A>^t» 4j! 4J CjIPj tOjib 
.<^JjP ^ iJj ^U? j?! jjj juJb ciU^Tl frbr 

.Qui? J ^w? 

<Xr--* j 4jli j^jJ* £M <.<jj&\ j-i^r frbr <f 1921 flp Jfl jf J 
J 44_^ 4-it cjiT -4j jkj Frederick Banting j^b dbjjuy t u* 
. j>~Jl frb uybdJ ^ jil SupLJ, 4* Jp Jwtf -tiJ£-\ 

dAJi L>Js lijyw JUi *uJ ^ jil dULdi £>lf 

4 JbMoJl b*&M c4jij3 4gWXft OljUflP jytf ^b^&Jt jja 4^ jliM b^t 

* * 

j « Lg silk ijs> J^a£ ^Jr< 4*-Jt$ .^jJt Jj 5 j^U J3JLj lidj U^pyi gaj 
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U^loJl U>jM JJ ja dyji\ A\i> syrj Oj* f oJl jU ja \*rj& jLJi <_^w 

J j^jtJjt Jauj tiJUfl^iJ p~ J?\ ^ jgJ . J J fob jJl jjP <tu jrfiJbtJU £3l£*j 

.Cijfi Jj*- As?W 

U^l JJ ajyil iw?U>t OIjUiaJI Jtf c^U JLP j£j j .OUI jJ-l 

foUs^t j u>u*u-i JJ 
A^waj aJ Jw>j Moses Barron Ojjb y> jjsf oJJ ^[UL» f J 

4— j?TjUM U^M J>b CJ r *£\ Jihyti\ Jt>\*H\ «JLa .*Uu*tfl ^^SLOJ 

JLa-s- ^1— Jb j U JljJ- £jJ\ ly*- JJ *Uaj JfrUJ 

SyUaJt ol j^ill Jaj J aJLp J^pI :4jU&1 aJ Ic 4sk^- CJlT 

.CJUj Cjbr 03 4^ U^U-I jL Jif j c4Jli* 

.5LM oJ aSIaJ 
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j^-Jb Joj J.\ <J&\ Jj djUajJt dJlA aid 4^ j tOjjji^iJ J ji* 

^( o jUflJt ojLa JLp John Macleod a >1S*U Jj*- jjsToJi jitf 
i — * p jwb jjsT^it UjJ J-*p ijclJt jui-Ji dUij c*«insulin 

Oj_*p ^ 5^ ajuI^I J ^ JlT 1922 fl* J :2Uu^ 
£l^J Jjf type I diabetes *u_J 1 £>Ji <y» 

.APjJ jj» buj^ Ij^- j^^j <-CrJ jSlb 



2*yL_» Of I — Jp) jU^tL^I j ~dj\J*r ^ ^1923 f ^ (i^JLjiJl j() i^k!) J JjjJ 5jjb»- lab- j ** 
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Neurotransmitters 
fl921 LiLitfVI 



^_Jl a_AjUl J>U^1 juJ ihjj}\ aLaJl a*Uo j UljjJl 8 y^Jl dii j^jP ^ 

Jl yijt—> ji^j-^ ^uJij c£ua)i ji a*-** oijUj ^uopSi J~*y 

— flJ j_Jj( c>U^Tl Vui-T j£) . ^Up^ *UpSi j o**U*Jl 

a*> J 5jjJ (U& J-*l jJl LU ^ J*f UL^I at jll) 2Lh3*)I o^dUiJ 

.As* j ^UuJl Ujp j ^ jvJbu b-lsia ciLS^M lift OlT 



Heinrich j?jL-A-y_te u*o*M> ti^ 1888 flp J 

aLa aSO — * iJljA jiflJH ^^st ^ Jjt Walder-Hartz 
iflU-i obU i>i gsauii UT .«4 w ^*Ji i£taM jt oC«Jt>> neurons Ulc-l ct£fcM 
1893 f\p Jj -W^ Ot Oji j&j L ya*Jl 1{*£a* jA^j&i **jaA\ L^a«]t 

o U^t ^aJ 0^ 5i> Caraillo Colgi ^ jf >LUiT Jtl*y ^u!i ^It 

01 J yJ\ — t f.\ — JUll Jom <_J»i) ?Ja*( ^> J-^l jsi cAs^i tU?- L .dolt U^i-I 
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Cf— y J c^UoJl J 4Jb jU dllU 01 Hit 4 Ub J^y 0( Jb ^ OljU^I 
CjLJ?UjI jiiu (I tilt UU-f aL^ ju *i jU.^ Ol otf J p±s\*r 

^ u^ijj — ai\ ja tJb-f Of t iL jJaJl atj Uj .5* yLil 4.. lN a»jl b*Ai-1 ius* 2Jb ^S" 

j^a-Hi o( jt . fl 873 fU- yilL o jj^ji y J Otto Loewi ^ j?jf oJ j 

J A*-l£ Jbu .cJJ^ US' J>03 AdtflP JfliL^ Jj J\ ja IJj 0£ |l Aj\ Li Ujj* 
Aif •ty .O jjiSol Jb ajjJ1\ J ^yU J*P 4^^^ Jjij ^^kJl 0 jUsM 

. Jlidj <JU> £*>U 0 iPtJ p^to- 

^UaP^I 14 Cob*^ ^1 U-S3t L» jb j-iJl ^Jri *Up( U\ jjfc j 2bjj>ty j 
4_Jb ^Jl j a*JU (^UJ_li j j ^U^Jl j IgJ tf) Ub*ll a* j-iJl 

.(^1920-1895) 

J_£a £_^3l Ji* ^ ^ ^UiAl ( tJa^to ^ jTj ^1920 flP J 

j-^> *js> ob Aib JU^ ^ ajuJ3i jli 

dJJb US' 

Ul ;p 4 vJUaii^^ ^ CJjU 03 ^1921 flP ^ jwaflJl 0^ JJ U iU CJlT 

4 — Jb- 0( o jTij U jT.Uajf J oTj U ^^-J Ait 5 ^^(1 j 44^-JQall AJa^*A* 5^1 y 
4^1 — ^ a — -3uJl apU_!i ^\ 4J\5 ^\ ^ ja ^aJ 44JU1 aJUUi J 
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J! £Hj^ <>• J* J 

tOlii^ *Jb- J ^3 ll'j W/- ^ ^ J^f 

lw! — *Ji ^Js> \ jjw? yu ^S" ijU ^aJ Jsi^i ujl*$ .y-*^ 0 jUiJt Jb-V (nerve 

js**J*i» vagUSStoff OlJUU aJL^Ji Silll a la 

y Jj* ^ Jj? cHenry Dale Je* i£>* J*^ 1 ^ 
\ — *T .«^j^bbs — -f» acetylcholine o^t 4V* <^ tllUi3i d^vii aJUb 
^ apj^i dJU ui^jJ «^a*Ji o*>USuJi» j\ neurotransmitters ^ Jjo 

£\ Jj ^ jAa!! ^ iik^ JjL*»i JLi csciatic nerve 

ifijb fUif JWJ Jl 




.^>dt - neuroscience ^UpVi ^JUJ uf JjtJ ^ * 
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Human Evolution 
fl924<^L5a£Viaiu. 




OLJUsJl j Ob^l Cj»03 j c^-T j&I iJLft ^P I jit ci/ yUl J*UJ \ilkJ 
plait* j*T ; jij-UJl 0 ^5Jl JjI j( J .dl~J*i\ dliJ J lf*fl*aS j UIjwjjJ L ^ 
4_**jfr ciisSL) o jb 5.br f jj5 Jj-i y LuT J 1 Jji jty yjl Jb frUUJl 
J ji diUTj Jfl jSl j-M ri*-^ jjto ^Ip JJa Jjt dlJJu f JiJ g jU 

p UJt OUisal ^Uf yv- jjauj AjjJJl AjjjkJt £ij*J\ ^2: 43^ 4^ j3 cJU^T^l 

.Up1jj( SUJj jj 0 b J^- AijjJ-l 

JdUij <t 1893 flp uJt j^b oj^jT J Raymond Dart o jb Jbj*r> 

Ju*_j*3 J £jj j^j? .^i ^ i/-J asLV cJlS* Jk- 

Li^»^» ;» j!& ^1920 f Ip J .^^r^ 1 r^ 1 c/ 3 ^ J s-^ 1 

.i^jJUi^ a*a\£ Grafton Elliot Smith OjJi JjiiyJ opL^T 

J— fli ;0y**LJt d ^ ^ -bu 5 jrfii 1922 fbJ\ J tJ U^*>U O jjAOJ j£) j 

.AitiMj jLJl 5jl ^ ^uij jAj ^JUa Ojb J^?j .Ufljjdl o j^r J ^jj^jIaj^- 

I jip j— ip JlJbuJl o^yj S jp^a ^-Ur ^b o jb ^ip ^ 1924 >Ip J 

^ Ol ji^^w Aj? d^iTj 4-Jj liUj^ cJlki tjJjb J h jJr\ jb^-SU jAaa j>» o ^SJb 
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Jf j£c ^ ^ *-»^ ol^ o^jJr^ 4**l*JJ ^ yiJi <_**sli j£j j cOl j**«Li 

C. Jl f bf 0*4 Sj^fe Jju o Jju» Jt 3 ^k*Jt ^ Jjf Jii 

bio*s — *>i 4~J%> aJ ij^ji olT cij J tf 1924 fl* (j***?-*) JjLf Jii jL 
^Ja J 1=3 j O^j M&li .fjJl dUi tU-o J 4Jju» J ^VLmi OlT uilij Jip- JUs-/tf 

Jl ^ all j Jt J ill* U^sj dili Jju J jjaill <u3^ j£j j t Ubr ^ jJtuaJl 

ol O iU s,^ cff ^ J jSh J jJUall js£ 4*s3 JUPc jj^aJ US' .d jb J>*U 

.>Ui 

j— & (I U » d\ lj& Jjt ^ Ojb US* .(,^1*11 j^U yi) ^Ua 

^UuJl .Ojb 4— > ^ d\ ^3 JS* £Ui jP o jj*b lils* ^uUi j£i OlT 
j OUJ^l £to Jl o y( OlSi ^UOJI jaP d^t ijjbj \jS \Ju 

4 4 £UjJt iJLa jjlkJ JLp Jjo 4lp J jJUflJl J*>U O jb d^r 

c5 iS j-^t juT j^V* JLp jiP c^k?- j^J- .J tJLA ^ ji UOju 

vii — C j d / j I j^oo Ojb <j3j .Uli ^UjJl cJ\5 4Jb-i ji?U^I 

ik~» — \\ ijAj jlp ja j^jj JJ .AssrjjJ S^U-t ii?Ui-l jil %jcu^ cAJ^l A^cJrl 
Jl jj ^ 4JU y>( j cJLM ^ J^\T ^ b j Ub c JUU Jik ^-j ^» 
.^^Jb 4^ ^ioj Jii? Jl cOil c^J jb j ivru3r o:1p Ji! . JliJ'ii j^k J 
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IJ a3UL-j^i UL^ij «4iLJaJb> ji Nature tt£ Jl o jjaJ Ojb c^T 

£ujlJi it— iji f jj £>t JLf A-fi J ^^Iwj nearly humanoid ^uji is j-sji 

frUiP ^j3r ^ .Ojb ci-^j ytslb ^^p^JUl^ 0^ 

Robert Broom <ij*^ lSJuAsO^i JlAsS T i of Jj J 

o jb <uJL> ciLi^Tl U f 1938 fl* ajIj *AJ\ 

Jjf o ^fc humanoids yuJi «u>( Ol jjjjb ^ '^l-ajjI* <]pt^ 

jli-Jl Ojb cA^S" iWP j^—*^ <&U* jl .1* j\ J U> jj^fe 

.f 1924 fU. 5 **** 
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Quantum Theory 
f 1925 ^Li^VI aiu, 




5yJl jSj |I Ob j£L> j^ii l> cJUo j»j JJ .*bjJJt pip J djj^T (J ji 

0 jJuJ\ jlUJl ^Jr 4^b jJl C^Uil *.ULJl J^jtu*il cdjiJi o^aUoa ja j^Ult jW U 

j— 53 j .VJyJ^j JUOJr^ t^W* £^ tJLft £^SJ Ob Jqj jj^-Tj Jjb cdlftk 

AijkJi j oU_kij e^-ipL ^ 'Max Born 0 jj* 2L-» jj» y^j 

aJ*>1>- aJ ^-^j ^ y«Jl Jju ^Us) « j&d J*Sn L> 5jly ^bu jA j 
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4— JtjMj 3— U Ujj lgJU*u*>1 a) jlt> j cUaJ^j iJykJl ob^i j*p 

JjL- o A*^>b ^Jt 4-<Jbu JjJaJ Jjbs jAj j^lT Jy»lP Ojj) .4-sJ\ 

4h?M ,o 4_iL ^fc cJUsiTb U-J^rjJ t jjlsJ^T 4)^2i J CJU>J Ajj3 J jJlll L» J I 

Ajwbf J ^rJLu^o bb$.ijj iJ^J cdiij 4Jlia^-^C b*yiJ jJiJ 

^ j*3 . JUJ^- j-a AjJU i^waJtl t4JL*j AJ jJjL* ^Ip jlp j**»5 j4AU jl J^Jj 

♦ JLJ ji Alflu.il A^ljjJl j-a aJU\T ^ y 1 -! i^*> Jjt! ja AJtf Aij Jjjj 

4 JjOJ Ua 4-^*4-1 J JL^jJl ^y^Jl Jjj^ll 4 Jb* AjJ J* 

.oijjJLAJ j cr*»^j ^b^J <ii) ***b ^ 

cr^ u ^js^ 1 c3%^ J^tL! ^ ajwUt j jjj Jisii ^ 1915 flP J 
c^ji d joJi (lull v*LaJ U$3l~» ajujw J jj\^J j db*^ jiT .Max Planck 

.4^»Uil A^ii^bj c^rUil ci jib 

.UlP ^b45 50l ^^UJl jllP J IjAJlj Jj5<J\ ^1 j4Jl\ Uj*b 

ybl j_J? J ±j\ Ja^\ j JJiju d jJb jJi\ OJJfcLi U jb Jb ^ Ja£- 

4^^o*Jl aJu^-1! olj^LJl jp 4jbu b» Jjj) ^b c^1916 flP J j 
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jt Zur Quantenmechanik —It <JU* Oj^ 1925 fte J » j^f j 

J — «ju j—t ^ * .JJ Jai J**uJ jl ^jjl detail -«^kJV jP» 

.^JL»j jSjaJdl 4^ OjJdi ^lUJi 

I jB j — « JL->JUll J-Jtf ^ CLJ j*J» j^Il (IlP J tWLiujIa JilJi^ 

'V 
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Expanding Universe 
fl926«_iL£u£Vi:Lu- 



g^u-ti JaLl^SVi 1,1* juu tilt 

.oi >lj fj*Jl jj* ^ Jjt JA* J** Ji*j US' t U o 0* 
J j^jjJU 3y Jj*i j-UJUU Jbty Jj jJcjj j^jsj Uj^it d\ uiU=Tl 

^ j — ait JijWi dUi Edwin Hubble JeU jijM OlT 4f 1923 f J 
JJLi_?j 3_L£J J^-jIa ci— fejJ jf cfl920 flP ^ .dLLiJl ^ 4> ^ 

Andromeda u ~* jjju^fi jUs^fj tfiUi aJu* ja L*\ jjJ £>i li J^UaJi 
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j£\ CjJj Oid IU^utU fj*Jl Ofu^-* jj> ULiT b jA* Jj c(Uiaiw 0\S* US') jUJl 

.lib 04 aJUflto 5 ^# WlTj 

j*— Cepheid stars 4— >jUJ)t ^ j-^Ji j_* ^ii ^ JjU ^jb* u>o* 

*j*all UiiaL\ Lli> Ij-JaJ h j$ jcjJ 4 4J^U ^ jf ObjbLii! .IJLAjjJj^l 

cM *ULdl ^jaa^j ts- j-4Jt j-o 4j ^Mlalt j ^^lj l£>j*t ^Lii .^uJl djudl 

.^tOJ i 0*Jl \j*J4: 

lil JjU cJi u iJlaj aJj^? 4^ 900000 ^ JLp ivjj^ ^ 

j>JUa il -j^J^ jP V j-£ 0 jJL» AjU ^> ^JU ALgi* Ol j£ 

Olj—sfcl j_a LJ^T ^yi 01 ^ j&\ jAd^\dlp4*j*Ai£Jtd j^JJi\ 

Js> JOJ 4~iw Obi j jj? ^Uai AdlkJb (Iju U Lib Jt^ (jM. . .{jfy»£ jty 
^bJl Ui*>Lio j 0^ jjJLAtj f WUJl iiJaJl h ^ JjU O^j 

.(Jjjf ^ y^i ^ ^ 4j jJj -j*^ 
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50000 Ji 800 oc— > c Ls~* C ^ tUaiJI y jlpLj cjiT lf-» 



J— jU JusTi jp #ia£*T ^ u.lp iUaii «Ju* ^^UuU cosmological constant 

3J— <^ll £ j>Jl dUilf ^b^! J J*> ^ ^ J JjU JJ^ t dU3 ^Pj ** 

ci^oty cA^JL- oil jl v^JaJl ti-> J Jj^ Ajjdl jwJl Uj^fl^ ^Jlj t 

t5j_jjr j 3 jSfli 4Jldj Jbv .(*b dJb JJ ^ f 1968 f U- iUasS^I ci-Jpf jf) ^^LJij tfrbjJJl 
I -Jj S jiV JjU ^Lp OPUj ^Lib j cfrb jjtfjl ^ y diUJl ^Iji) J i^uUl CJtaSl 
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Uncertainty Principle 
f 1927 l^LS^V! Alu, 

4j( J_$>j oLJZ* L-Jyu J^-it j, %&U&S%i U 
Werner Heisenberg ^jy $>Ji&ZX\ qa 

IAX Ajjj^I L^kJl oJlA CJ\T .14 j£c ^ Jjkj yliJl ^Ju*> JLO^cd 

^LJ*U ^L^aJI iilyj Oju jl Jjty 8 jJM Lp)jS\ J&- J t3lia*1 

1 ji p^Lj * Ijj U I j ta£ Of *Ubdl ^ OlT A3? c4~ju &£j .JUS" j 

JUjiu* J LgJlP Jilii A^Uf ^sTty M» l^jj ^ 2500 <y j£\ y J* 

^ ^^-M pjji dUi J yiU -art j<tL4 jil&i Ajs u^Jt Uli 
j^Ji JL-jjJ&s ja aJUj Werner Heisenberg £ >>> y j&i J^rj ^1926 
^b^tPjj l^JlT pJU ci-^J ^jyji^ ^ J SJ^jI* ^f*\ Cj^^j .^U*^ 

(^---J! djo^ 3 jjj-^ -M? ^ causality a^^-Ji hjo* * 

i — - 0 |lUll l^J jjtj l^U J^P .(A^t jf fi\ ^) 5 yiU Up ^Jjj yPij 

^ - f 1949 
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^iJ .«matrix mechanics old jLA\ f j^u aJ ^oS ^iJ\ 

.£ dUi J^U ^bjJ laiib ATjCi aJl-j JUL? cjiT 

j_P £ jyjjL_A OldjA^all iSLil^Lf l^Jl^ aJUj Jf CJtf" 

\ • ^ Ap ^jyji^ j^P tAJ jLA\ ArtbU* f iTj U jdJU t^L$d .^jyjA* ^-ii J 

j] ij jyjili ij^LJl OlJlteall Lr ^»t 1ft y ,p±*li jttti JU^ Aj( JLiaPl 

.0 jl&jl aJp J^cu^ fjULr J-^ J *U Ait jf t«UJi 0 j& AJbcu/j! 

\ S c4_» ^ll 51 j_Jl J y i£j~3 A3lk5 1 jja Obr ^ l^- Ol) Jj^^ CJlf Jjb ft 

j a t_aj*T Ul* i(CJlf U^) OUj^^l g^J UJLP ~l3jyu jlS" 

^^-Jp 4J0pU^ matrix analysis y-uali JJi^ Jj ^jy jj> 

.Wolfgang Pauli Jjb jJUil jj 4 aJ jSjj aju Jj (L^s 

• d ^ OO^ 1 uyb>*J^ ^ip-t j ^jyjdla a^-u? J^p a^J JU-i J ^jb 

j_^J j .A^U? ^ AjjjS d^fju -Old y-A^ l^Jl^La - ^jy>> <3U^ ilP 

Ol^oJ O jfi>\ ^Jl cAJ jA^all AjULJ- aJu^J Jlp ^Up- U: iPji <3U> 03 ^jyjjlA 015* 

.j^jJb i j£jA\ J c(AsT y") A> j) aJUjuJJ 4*JJt ^ U ^y^r A^J job 
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WIT Ajt AJp U> OlS* j&j cAPjJ UjO* 4djJl f OP g» J^^ 1 (I Uirf 

4 — TjJ* J — *iai t«A^tjsJb 4^? L«-»» «A^Jlj ,, m1 1» ^-^1 JJbl ^g'SC 

^^JLP ^ !? A a *J!-l d-^JU l^r^a Lu( jC>u ^joji^i A$y>Ul Llyaj cg\i-l dI3i Jb» 

.**APUi1 

J ,a_*>ol1 J :>tjll SjUiJ A3bry cJlT j£j j t jjJIjM j frbj-ill j 

frliJ 0*4 flu JlS" OjAJl A^U^Jl AJLLli CJlS* 4AAAH 

0_i ^jOjiL^fc j& ji UJ-P 1917 fiP ^Ui OlT .A**4-1 J oLJ-t ^-j^ ttUlt 

.d j*P JA 6 jJ*P L*oUJl (^JJU 



J .UiJ JUsH ^ Ub j^J tJb-f 4Jl Jin { C>\ >yry »ij SljJl J jj&y* 

cJjj—jw .If^j^- JL5»f \y Asj^kij jiUJLjT JlT^ij tAii^l aLJa jSj Ja&ld\ lJUb 

jail -1JLA U jj, j^fb Jl3 J Jb ^kJl JJxJ J J3je Jji j^Jj Asf-^OJ) 
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Speed of Light 
p 1928 ^Ll^VI 4^ 




i Lit? j .(3 j j Lj 3x» j ^ j-^Ji l^nkii ^Ji 43Uii - ji light-years aJj-^Ji 

.*j*aJl 4P^-> i*J (%10 

.frbjsiJl OUL*^- J 3(^3 J jJu> j^P jt^li t(%0,l 

APj_-» -* j^aJJ 2UL*^ iPj-Jl iJUiTt Jijp J 43r- OLiP dULa CJ\S* j£j 

0 l£j> O j; !f j&y! . JlT jl^f UbUflAy jf CJlS* APL*» if Ij^i? J\ ja jS\ 

OL*JJ J jf tSj^sll ja UlP Jju tJ\Tj oJjJjt 43^ 3^7-( ^Jaj 

^1 — jji) Ja*j Jjj5 3 jJbr J J? V*-* ciUaS^I iJLfc .f ^"Ij * J-^ 1 

J 1 * <J* U ^ ^ ! tf 1907 flp frlij-dl J Jj> 3j^> 0 ^USL* J-^- 6 Jb- Ait ** 
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\ »\£ -SJL-jO* CJtJL_*o j LjtjJ j^J jt£wl JUau ciU^T^ ^li* lJU* jtS* 

(L*\p 74) Albert Michelson 0 j~J£L» o jJf jj*udt JiT 1928 fU- J 
abb* J (^z)— 1 Aii^i A^iJi <Ju^Ti j ^aJi ap^> ^Li! aJ jK y-L jiLaU ^iiSo 
j— * ^ Ip o^jtit ja Jbjuli j^fj J^»j ^ d\ a) j-* oi Jlf .3 j^sJi ^laJ^T 

*i Ua£ $- j-iaJl APj^ ^li <^1p <U jP J j-JlSLo JLip aid cSjll aJLfc lo( .IsJti UIp 

i-jiUi obLwJ-i jpo i^ji jj u ajji ja d a^ai dm? .%o,ooi 

cf 1928 ft—p J d*t\ j .4JUUJ 5 J jsli oLuli j^kJ tElmer Sperry 4 

AJl* Oti 5J1 jk*»b AJb? tOlUjdl ^1p C-i/ff 03 Ol^jlasJl h&S y-Tj CJlf 
j* j-Jl ^IjJl Ji^laJl Js> b* OjwsJ ctJLsr j-i^ J J-Uf J 1 y IfU^ f ^JUbl 

dJL-ft U jjp jUI ij .3*tA*lb l^^flj ^ J yj£~A JaP gjJl 4j y»dl j& jl 

^ 4 p jSjM) iJ^* JjuL aJIp APj~u j>tf U~j cdT o^jjll o jjwdt 4J^ 

C- ilT clijlJia .»! JUp U J . JljjJJLl & 4Pj^ ^1p J?U^-1 d jjJii: (Uut 

.Ak& dJUb jP IXju lit jji e^Tl y d\ JJ iJUJi 
t ^aJl o jwa3 oUaJ Js> # j& JaJU-b AdUl dT ^\ OJUfc cXfl^- liSU j 

Oju OJUjt c±JU .jJ jkit 0U» J^- Jl *)L> 22 jilaJj jUJrt J Swd j;P 
4 ,ft J O — «3 j clift .^Jb Jj 5 j^La i j«3 4JU 4j jjTy 4-»OP J^- jud cdTy: 

)1 ^J— Ji ^Li UJp tAJp jl flb£Hl ^UJ jip? j* gyrOSCOpe ^^jjJr\ *** 
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j — * J 3b OJ — A *>L* jyujtyj AJUjty 4Jb-j CiiS" * jJflJt A-4J JT ^Pj 

J— r ^ j-^-j cij J cMjjJi ^ jjOJ cJlT Ait jk-^i (if cajuJi ^ 4000/1 
Aaaj ^JaJjl j SytoJt oT ^il jp J\ i ^^juli t jj jkiS J^r 

jw ?«J J-ftjJl Ul jPl C-^P Ut % il> dJlA J ikj^j jJU Wlj 

US' 4*>La 44 Jtfsi*il jJxu*o i£ jw» £W? JLA3 yr)! AjjJjJaJl OlJUlt 

Ait jla £ ilT ^1 APj-Jl ia^aJli 0 j-JlSL* ^ A3:> ^5 ^ i)*^ 

.ap^-Ji JlP DIjjJLll Ufrkl ^ jSJl JjuL ajT ^ l^jtjjr o jJ^J jf JjUj *i -j-^-f 

lift Jf -XjJI jljJrl JlP iai*> j SyioJl Ail jk^U fk?jl t^rj f jaj jkif 

APj^ d j*J6Lj> ^r***- tiajl^l JlP djli^l dib jij^j Ajt jk^*il cMjji AP j-» 
LJa^ jA j t Ja£3 U/J^ 2 — ! ijuJLH y m J^\ -AJ\iU f)U 186284 <Jj£d 
♦Uy^Blj «.L-j^ Jj^ J *WLJl j§i t u5U^T^I iJLa J^sa .****%0,001 j* J55 
.Ajj^JI a^lJL*^ j &yi JJ Oi( ObU^ y^^l ^ AJUJI AdliaJl sAijJ j ajjjJI 

<i! ^JJi ^ ji-Jt dkui^ ^Jaa^J 4sj-£Jl j~*> i^L^jjIa J^La^ ^ ^ 



Jt t^t c W, ,?? lb LJ/f 299792458 ^t >»^sJ» ^ >)t J ^\ ap^ jJLj **** 

- jeaa o jitT tt/^ 300000 
Jpbjl»j ojjo ji ciw^uJi ytjsr j ^oiu c# 43Uii oli .(^3944) J-* 2451 £\y ***** 
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Penicillin 
(»1928 ^Li^VI 



, . ^ ; . / • * ' ■ — " - .v; 







.AjjJ-t obUail a^at ja lJjJ*r Ju?r?j JjIjaJ 4-pIj-aa oUi ^ij c^j^uJ^j 

— ; Alexander Fleming g — ^ i * jAi~£)t ^1928 fi* J 

boiler ^ 4 i <JA*~ u ^^a-J^ J i j-^j cduJb 

.room 

OUT JUju^Uj .uJjb^Jlj iLiljjJl ^ ^P^ 0 jJw? SjjJU A^brj ^ULp J bjt^Jl 

^dinJi j^ltj staphylococci ^j^J^ jj^li ^>J* *k\jah u^sSCJi ^ 

^Ip Aj^Iiij 43 cjiT pneumococci ^ jjjJ' jj^b streptococci 

.£U*Jl3 Jjb ^ d^ijl dJL?-jJl jC^xll 
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OL_T J-** jwJ Jb* jty jJbJl jj-4Jt JSLiJ 0 jinJt CJlS* 

4 i yi\ J J— J cS j ^^iiaJt *lb- ^Ip bUspt dib j t4»^£ J 

JjU ^Ip OI^wjlj ^ ji^a ^ jOiiU ja 50^ jll Asj jA CJlT .Ojjbtl 

4_J1 jil 0 j*dt SjjST £jjifj jUll j Jljj^b *L-dl ^LJ CJt& 
^\ j J^lJLJt Jj c3l jf-*i\ j* 0 >Jl *%?c~j> iJb OaJ .jyidUJl #bfc 

^f uo*p £~*J^ 1928 o*^) J>M <y <y^ 4 

j 'f> +\ j AP 03 (^Jt j) LdUoii 4jO jibdl 5 b j* 1 jpw iLt 0? 

f jJl tU» ja J$La U CJj J J-iaJl J>0 j $.!jit J l£U OlS" 0? Jb ^ . c-ijP 
. 0^1 J-IaJi Uuoj jiUil ^^P JLad .1^- c^pUxj fjbj cJUJl 

j**l\ 1jLa b: d~*3 .43l&» J jl-J cSt^i ^ \1a ^uf o^tfj fcW* j£ 

.4] jLw j 43bL* liblP jsP ^Ip OJb j*A\ 
l£sij SjIjJpj bjoSo £l jif jiTf j 0? jijJl ja ^jj 

j^—ij jiJt Of ci-i^i 03 OlT OUjjt ^ J^j .Penicillium notatum 

.<<jl~~l\>> jf Penicillin b*CLJ tbj^sSCJi J^a? S^u 

aJ ^^4^ Of 4^1c jjJLuJl 01 ti-i^i c^ijjiMi^l jLtf cjjlf J*A> 

Otj^-Jit 44_jOi*3l Olj^ll jiyJl CJlj^li - aijyilt 4ijJ,l b^sSjl ^ 

.bacilli of diphtheria JbiM ou^ap t^Jri ojij-^ Jj ^ yj\ 

C—iVT J (j.lp ^UaiJl ja 0? 0j^ ^JLuJl bSjb- ^\ 50^ jll bjcSJl 

jsii -Haemophilus influenzae La i j-^ili * 
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.fl929flp j^ijl J^Ui <ilT .oj^ S^jsili SaiUt j^Uj^M 

Ot— y f 1942 flp .IJUJi ojUI j3 ^ a*- U iiiJl ouio 0\T 

tdOjO^ 4Jup ^jky Dorothy Hodgkin j&r ^jjj^ ^^k>j^ fc*-WJ' c^ii 
c — / y dL^J cX-ray crystallography k-^u oij^LJt ^j^j ^oj 

.iJli l$L* *Ia) f 1964 flp JjjJ 8>V J* j&r jJi Ojb* .50^1 jli 

jjILj c, -Jjjj Howard Florey c£ jj— li ajt JL&^ty OLJaJi ^ 

^Ujy^ j IpU*> ijU-^J) oUijflr j^r &i Ju*u*>t Ernst Chain 

o^L^r jjU j j ij £^ c ^ i^ 5 ^ .^1943 flP JlkJl £->tj 

.**^i**^Jl Jl$*&a ^u?Lfl f 1945 eJaJl J Jjjj 

jj» ^1 j! jwaJl C^- tjjd — JJ (^jl^Jt £^ jij^ 
^ j-jjy Uil 5jiJ\ ^ aJ*)L4 U> jt* ^ 1 *<*i>^ 

J (d jJb) 650 ^ X? Ji OjJL- 400 ^ ud-^JJ ^-UJ ^ 




^rL^t <^j-Ji lysozyme fJ}j~— >W (ifi (»1922 ^ asUsTi Uajj ** 



236 



Antimatter 

.. . .. 




UT (SdUll Sddl Olf j*£, ^Jji\ JUM jA^ai J *UaiJl jliJ U 

C— J ^ (S^UaLl Sill! ja \J&-\ j Uj^sr & pS$j diilr J AdbVd 
.iJU j yLo Jji olwr isji Jj djbtisit j& jk5 

* . -. •. * * * 

j^U ^Ji I^UjJJI j U£)t *UjjiJl ^Utf JbJUsJl j jJaJl p jjl fr bjJlt j <Jj$3l 

.ill yO JUsS^ ijUb ja jS ij£ &jJu> tf^l^j 

» u*>- u otSu^Jt ^ Paul Dirac & ya Jjb iu- Oj^j ^< 

.^^U jit ^ J Aju»>Ij o jfri) 

Positron tyji)^ ^UJ^b Lukili jl^r SiUdLi 5iUU oU^ksJl ^1 ^ J*J * 
- ^Uapf ^1 /V v-Jali j JUju^I v^o^I Emission Tomography (PET) 
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^ — lp CJlT t4*tf ^Ujss^J^ bbfrl jj C-"Jirj yuall ^ gjJl ^iaJl 4^1 

c^T UJuJl aJUill ^jUJl j L^iJi * j^ir\ ja 4UL> 
jkdl j jJl Ubr tOUaSld^ dJLft Jj 4) jj^b jJtj ?Jj t *UJjt j 4Pl^Jl ja 

J 43^*11 J>3t JIp j^b aid jkall JLiJl aJI^ jAJ1 J fjb li 
jji 4iL^ J co variance jjUJi oliJutf J*- j c^-~Jri 4Pj^ ouJ- 

j—Si'ty i)L [\ Jlp dj-S'j* j jJjliJ 4— > jJJ tUUJl Ai^lj^ J*)U 

£_* (4J jH\ OU^JJ jlUJt ^ jSS ^1 jyl jflJl) J^Ji O^jsJ V j**)l 

4_Lp J_ .(fUJlj mTj^ll v-jJUrl iSjii J£\\ jlUJl Jjtf ^1 cftM 4 ) 
U*UP Objli* JUju-il j J jJJ 4,0^-^,711 j LmiJUAI 4sJLl& i5l^ 0U^ JJUb j^ty 

.4^b ^Jt 4^-ili j 4J*i^bw OU^j ^A^i 
cU- ?-LT 4_Up j>» Jj^I Ol ji-Jlj dljjsT Oil J 4^j>f 4JUSJ 

j—*r\ j> i~>yrj cjkf 4j\jL^» *Jl ^ *5^f 1929 JjA* .JJLnJl j j^aJi 

J .JjLJI J Ja3 U j^isll *i j l^ip jjiaJl ^ jl 4jji J j OU--Jrl ^OP 

J — d\ OlS' c4j jss* g#\sj JLp bUs-»l Ifsfi^ii j Ujjk> ^1 O^^Uli J-gjJ o! 
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tW< ja JLTiJ I 0 j-Aill JjiJl CA~*~Jl Jljv:£ USai Igjp «J yell 

.f 1998 flp dlJi j tu p lJU £> js^l* 0 j^U d j^-f <£JU» J**Ji 

.^UjjiJi (luU UJd 4jJj L> (JbJl *1*p ill ^ 4> t U$f 

** * 

-\ aj^ IfrjflT Old tSSlfe Jj 5 .5 111 J yi£ UJ^P :2LdJjla Jjl^v 

SaUil Salil a^lj ^ 0 Ui^^ aLiS aSO? J j«j Ufw ^ %100 
.*yUai i) j& J-^t jJl ^» 1000 4Jj> J^Uo U ASlkJl ^ J^: j( 




UjLuid .(43lls?) i»JiJ* jJailJ J AJJjw a^L^» J^tidi t 3iUall Silll Ja) Lj^j ** 

.«3^Uail 4jJLoJ1 AAki3l» 4,^>.J 

ajjj — ^? j — <.>* <>* ^jj ^ ^ jAi; dbL 5op ujjlf o oii .(tjla^Jl 



239 



Neutron 
^ 1932 ^Li^VI aiu, 

. James Chadwick dL^uu ^ ^^asti ^ 

4jjj3 C}UU?j OloUa? LJ>\ OU~Jr» OJLP Jusi tUb^T iunJjt 

cdOjfjJri j^uJi ^ ^jlp <Jusf *i J y jjaJiT 4*at£ Ernest Lawrence 

jy>~*Jr\ <Jy> (I 4(^1901 fte) iSj* Oj^ (IlA Syrj uiUsfl Jb> 

LJjT 03 &* T *Jr\ jjJUb j( *UbJt jfrjsif .djj&*i\j OjJjjJl-Ubj^T ^yj^u^ll 

^» isy* dj* p~~—sr J— S3 £>t 5 £i (I spin fjJi 

JL^L e^Uail OUe^Jrt j CUJ^-I .u^-s^l jaUI lift yblka \ j^oa Juil IJUb bjj * 

^ >3 -(annihilation 5^L_ i>i iJU* j^-J) aliUi jyi jo* g> u#t* u*j ctfliaJi ^ 

.p*T j&\ - 4~U>ty AJOaII A^jL^aJl XjcuJ t JbJLr eJiJt J 4*ka)! 

^j-j) djj^LJS 4u«l*1j 4p^i> ^^.t^bjj :(f 1958-1901)^x0) c~J>i * 

jJL^U £jjJ^-C (i jsiljjJl J^ai JU^ J-^j c ? 1929 fUJb UJb (OU-^Jrt OlP^ ^ 

>i -f 1939 fU- frbj^l J Jiji SjfUr jU- .^j-Ji 
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Samuel Jj y\ — e$ George Uhlenbeck viL~li i^L^i 

5 — iji JL-UT jcrjjsJi 5 ji JUL* tJVsL\ JU» .p 1925 pie Utll Goudsmit 

j£l) 7+ c£jL*J Ul^Jj (1 ^jUi 4JbT J^lj Ojjj^ j£l) **14 UjOS 

7 jjJ— ? c3— I* flJUfc Ajj\ja Jj4 C (l + —I OjJjjf 

7 0— srt jdf 0? c £ J IS" tU AA^kj j£! .51 >d» Jj*- (1- iaxJi obj^l 

5lj_J J_f (C*Ujjs^J 7 j Ujjj^ 14) W~**r 21 ^ 0? 

^ flj ja 21 OS .2/1- jf 2/1+ UJ cjjUo ^lpj^3 cgcrjjsJ 

^ ^JbJ bjL^o jlS" gcrj^aJl 5t^J ^tilt ^jjl j£J .2/1 j^to <&rjj* 

f jjl jwaj ^Ulb j ^OP 14 OS) OU jj£S\-0 yjy, £~*>j OU jjj^ 

tea* A k> c ilf 1 « **Jj*^ of lilt Ojjs&J 

jl—Ji ^ James Chadwiak dLj^uj ^^^r Jl £jJ±\ ~4i***rjdi 
pAtL-ijj Ij_JUj jjjUi *UUJi ^ I^j dbjiUi OlT ^1891 fiP i jsUi 
v*Lj^U_y 2? 'dtr* — j ^iJi oLjy^ ci^ffnC .^jjijij jluJi Jb J ajjjUi 

5ji pj .1>jJLI 0( ij-4jjlf j fjJjj^Jl JU*u-b dLjiUJ f»u c^1928 flP J 

pj_Jj) jJt j — « &udl Ulf Olw^ ^jJbjJl cA^Ofli .9 i^J^J ^Jb^j 4k~*j 5 jyw? 
i f*-*** Jj J^AJj bill OUyt^ o j-JaL** pjJbjJl Oji jiuu Ob *>U! (£~J> 

.(4 iJbT Jill) JJ^i'^r ^ 

olJL-^jJl dUiTj SjjUll a* u iLi^ali flSjSl cJJb- j<J j t amu i^j 14,00674 ** 
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A_jU j^S\ h*Ji \\ £j£ 0*>U*i-> blS' gyU UJf Otf idi* J-**- ji3 

AJbf) aJL^U So^lj A^ji cJlT ij .l^T ^ j~J f j-LjJi 5ljJ 

^ — i-l U— a jS3 .a/u*J 4j*jUJlI ^ j-L j^JLl aJU?S' a1s£)1 JL~* (Ji^l j 0 jjjjj 
cA^ci, — Jl 0j£~*> fj-LjJi 5iji ^JtJl j OjJjjJl ja ^JUl jJ-ty 

jU «djj>jJ» neutron j) 0 Oj£j of -b *i tiij 

£t\ — ij/j-Jt *>Lu £j+OJ Of dLj^LiJ jjJif 0 tA^iJl dJLA C^tf jJ 

J — JUju^ ji tl j^li .Aj j^cJi OJl* jyjJ Aj! ^ j li ^^flisj Uj Jfi 

j-jA\ QU> — U c — ilT .\_Jb A3 UJty J^JJ 

jt^>J* p3i~A\ l}i3JLy j«.w^ Jaii Ai 

^1 ^1 jUl jjt* A*la3 J Ijjj Jl jj *i OlT «U OL j^UJ Ojt j Ji 

dJ iO^r 1 a)f olwr dL&tf u^J aJiT £ja> a> jja3 cciJil jj ji? 4jli J L^w? j 

cj! ji UJf Olwr f^UaJ gsi Jii «U *^^sJi» 1jLa Of Jb ^| .£*-£Jl j>» aJLj 
J aJI— » SOj^ UJf oU^ d&J) Jity tiy jjJl 4jf *b C fj-L jJl 
J—^l Jjuj J jx* f. Ait till? AJb aJ 0j& 0? j& ^ j jUl c^Ty 

.AJ^Uall aJU A^aO JIp aJ*s!^ c«UjyjJ neutrons 

.0 Jj— A\UT cWf 1 840 £> J^J-JU ^! t^LflJ^Ia j^La^ ^r-^ 

0 jj&y j& 0 ola cO yjjJi d jbr aisT oli o j^jJU Of Uj v w y 

.Uetuu^ 1840 ^j* 
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Cell Structure 
f 1933 JsLitfV! 





ij— tall 0 ypA JUjc-»1 ilj JjAT 01 H\ <.h*\JS>\ iujJU j» Jai I 

ujl_* ljustf i 4^1 ^ dJtt J*Sl oS Albert Claude ajAT jJ\ & { 

j-^> lOJw cJall JUj* ja J>jlT j& cjj^l SiUll ^?jyi 

c^O^r J ^JJ IJjt 43lj3 j& jl gj 4jtabr 

J Sail d^tJU ^JLiTjj ^jjm J) *S[jk» U£ I* jjJL» ijAT f jJ ctfUlj* J*>U 
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OiJ — pu> jt 0^ Olfri yr\ jfi dlJLft j£? jl .4j JlgP JjU JL?-S j£j ^ J-oP -0Jb>- 

Jjlfej — II jil jjSi j_a ^iU: j^J Sejl^sJl jy\ jfc J-gjuwi .ojt j^t j jJt&i 

APj_ It JlP ^ jT y ^fc> jl^r J-oJcu-l US* c JjU Ja^ j J>b Igilp Ji OlT ^brJLll 

(><r -Jp ci— j c^tiJl J Jiftl - AAL*il hyti\ Jl j*Hl LflUM J-^J 

.«UiM KSjf- aJLp» j( cell fractionation i\ yr^ »JL» J* ^jlS" jlfcf .4*iJi 

£«cu ^IS* J ycu*»t tJJ j* AJbtil AjjJUJI J-^Aj f\i 01 4J (I 

J alP J?L^uj1 4jLT ^Lul j aJ j^a* ALt> AjaU Jb*LnJ aJLaJI 4->jUil j i^ljjJl 

j_p J-_b J j\ OlT oil .^j>UJ 43 ou j&i j^? cRNA g; jjJt <^J ^1 

j\_j5T ^Ujel o j ifl^-^Ui fcuJi Ot ji-Jl y> ^S> 0 jy^ J cijlt Jj>tSj *>UlP .3 ^l! 

I 0 iJjjJ- 5 jJu? J^JJt Ajj-^ip oL^) bjJJ jTj^lll j-Uapf A^b: iiil-i 

J j 0? Jj caUa^jI ^JDl Sj* Uajif Asijj CJ\^ JJU* 

cJjJL-jj^I aU«u»>I ^JUij c^jjdj-j J ^jJ* (^Jr^^ 1 j^ 11 fljUiu! ^ jIjLTjj 

o j— Jx — ^ ijla j\r .ojiji (Hp ji jp^aj ^iju 

j a 4 j»j3 4 a j£ ^5 j oJl ^ji Uat dUi OlT c Jb- h\ ^Js> 

Jj\j**z J jis> AJir ijIT ^ .LiJl aJ-1 U^l j^k^i ou jjsSO^t 
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Ut .*A***j A3jyw (£jy>> yjbj ^ji ljj> jLi Ajj* c^jjT 
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The Function of Genes 
f 1934 ^sLi^VI 4JLui 
|||| l^i^j otfjjlt <f*pd&<)J* f JlUuSVt tjfc* U 

J*ju jLctf ^Ijl j^asJj OU j*j^£Jt MJLlaI ^ ASj-py (OUJrl) Otf jjU 

Jl j-Jl IJLA ^ ^Jb JXj £jjpt Ji£ ?*Lju I^Up cij^ad IfUTL 

jaT y JoJ &&>\ J^jJi uT j£j> tiJlb j J) DNA— Jl oUaktf 

apj>» J -Jj j^aj 0? George Beadle Jju ^jjA- ^ >^ £>if 

L_^Al ikJ-i iJtjj jp y j& .f 1903 flP iCl jo itf ^ ^ij 

t3Jt jjlt /u*j 

4^ul£ tflj^Jt ^ UJ? j Jju ^JLl^I t j jJl j^ju 1934 flp J 
Jj J— 4 J^jjIi or>LS^ 14 J^? IjL^ j? cUL^ jjUi 
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jjA oLJjjIi 140^-^11 aiJJi ju^ aJ jli Edward Tatum 

U^C JjL?- ^ j> Ja-*jj jP d**Jb UftUP L)\£*iS ?Jb .^^Lall git j)l jwall j 

C^Uu- — • iNeurospora (ijj- — >^ j** J U^lU? c^Jlp jj^li 

o ji*- - a <j—^ ^ f ^ j^j* t^jj ^-^j J b^^JJJ**^ ^ j*jg**j* 

ils>\ - 12 .JJ1 jjJl ol yk3l ^ jjJ- l^Mj-J If* <JjP <£lt t4..; g .Jl 4*^1* 

hk $H\ J *&) 3JL5 CJU Uij c(jiki ( 1) LjlJ? j^db Cj\ j**s«A\ pSaju* O j^s-il 

UjCUl jjJ\ Ol jiUl ciU-i) jrfJl ^giP 0 jOill OJLi3 (£ jA hJ Aii CJilP j (4~~Jl 

01 ^ jjU j JjLj ^Uaiu! j! cO^l j-lii? j^j 0? jiaJl ^Ip J-j«uJlI cJ«r 

Ji£ JJ 4iLbj 

u. ^bl J&\ J^b ol «JIa <^*b-J 5^ yL» IpI jjf ^jJ^j Jju j 

oJLa ^^if JS3j ^Ull ^jjJl Ja-^jJl l^w tAAb^ll jlj^^i 

4_Jl liu»f ^JL31 dJi c299 

.►^AJi iJli^P d^JU 
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Jo-, ^1 dJu J*>U .^i jc^i dUi £bj JLp 3 yil jut [ 299 

oLJjjli .A-J»* 28000 Ji 25000 0Ui?i ^oJ ,2Laj>^ £>La» 
recessive oLJ^jib 3 j^-ty aJu* . j!Ai>)!t ^Ip 

^Ulbj S^LJU 4^? Ja* d-^ JJrl Ji Ujl j^s\\ £ jUL jJaitfj tgenes 



4i! \±p c^i Ja^b* 100 ^ U)> (Ujij jf) jte .51 >Ji DNA 

C#jjJ\ j* *1 300-Jt «JU .DNA— U fcr 3ap\S 300 — ! *J 

DNA J Jlji 'SI cJi»i .So^ij ^ Jsi DNA-Jt iyar i-~f y >^ 
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Ecosystem 




Ig s^jj ^bril iJ\J-\ jv> A3%J< ^Jj J* J* ^ uWl j^ 9 

J *\ y J a^tA J 2LJLJ-I £l j>H\ d\ ^L-Jtt yjT *} joJ f 1935 

.AJSJl ^Jl 

jk — *»l y jJ dJi—jJU j ^^Jlk jla — -»jf c^>L— ll J J g\ J\ 0j5Jl ^ai 

yULty (Il^Ji ytj t? 1805 Jj .i^uj our^M ahkii Theopharstus 
.«ajUi SU-i jS vegetation zones-l\ Ju? j 
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c i ji\ J! JCJi c^jjb Jb*l cAlfred Wallace Jj/H OiT 
2— Ua£ .If-JaH >rj l^U* OUI jJ-l lb! j c(f 1870 J) V» j^l j«U «Ul 

isi! J*>U ^ dUij c43*>UJl ibis* 5 jj^ j^p jir\j till j oUI jJ»\ j otfUl ^ 

oJi — ft £^ Ob U & j^j 0i OtT ^1 45rl=^l U .fcJl J jorjjzh 0t jji a^jLT 

* 

.f 1871 ftp OJJb JuH 5 2Lu J Arthur Tansley j>jT uJj 

4 JS" J 4*^11 A3 Ji Ol Jti\j OLJl ^Ip j i-JwlJrt Aj^lfi ^ J^flp- 
4 — J J_j j aIpUJj 4sJU3 jP <J^P jyalS' kwbr J f J OJUL 4JU>\±-\ 

a — mj^i ^_Ip iii ^ j/^ib ^^jlju U* j*>u .^i ^jfct £uJ i jJJ-l 

J-^*ftUl 0 J ft Ol 5 j£a Uajj 43%Jl JlP j£Jj cl^W?J ^ jHfc-^ ^1 OblJl 

4_jl ?JSJU^-j Ol jcn A V^&ju 00*- j uUPl fc( .ObLJl ja hu*\ jJl 

?o JUr! <^^rj ^ (jS jJl ^1 jty £jy C~£-> ol^pf 

%_J£ oL-jUI J«bi ^ o j^oS f 1930 ^ J>U 

f U^-SU ULii j 4JLJ-I ol jjji] 3judl oUlSil jL^j Of aJp 0L 4 ^? UOw 
L-ftliU LU Ulkj Jac CJlT lfM> ^ 4ik^ JT OU f 1935 fU- J ^^JLJU 

Ig — 4_yjtU 4ikdl dJJl? J OUJlSOl j^sjj 5^ iJ&- jT J^jo j 
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# *> <» 

• W^ c£ j^Sh J* yji U J 4 jfcaJl Ifr^H J* 

tlj.fr «| JlP Ols33 jUIt ^1 flkjt J^b CJlT ^ J .£;UM 

jf ecosystem Jj ^UaJb> ecological system ^ ^^Lji y j-**^ 

^nbT Eugene Odum fj^jf c^r j-j ^j-^o*^ uj^p ^1953 

^ikJi c$JUi 4«AiJt ^1* oL*>uf» j Fundamentals of Ecology 

!_J* j£i ^ i»Ul <^Jl ftfaJl OUJ> t^LAJjia JpUL* 



$ 5 

JLjifiM j J^dlT oWULf ^ jJ .pollination j^iUi U*p ^ ^Ui )Jf 
.UuJi SJtJUli J~*i£l %90 £fih j? 11 cjuUUl j 
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Weak and Strong Force 
fl983 jl937^Lf^V!^ 



( ^5i ijft) Carlo Rubbia U^jj jljif 

(ijyJt SjAit) Hideki Yukawa tjiSj* 

- . : : , ■ , ■ . . - .. . . ^ 



H^W^S <>u^ JaLlISVl IJL* Oaj litt 

oIjJlJi Oji ^ J£jl> LpUAJ JJL*rf oijJLJi ^ia* cJ\S" jl cdUi ^ ^aty j 

cA-i^f l Of f 1983 fL_P J ^1 du£ jl j^3j t 4ij2Jl 5j2)i ijlf jj ^&JL* JlS*£\ 

(lull ^Ip j^J Jnyty jaU U$3 oldUsT^i OiJUb J*Tf 
.j^Jl tbjJJ JySllj H^waJ^ ^ j# **J*J 

.Oj->L Oj&l OUSU 
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frl Up iij^i ?0i1 cOljJUl j ^ j Ji j? jl .44jUl 31 ^Jl ^ia* 01 (OU j?jjJl) 

.LPUJjj ikJ^Jl ^ ^Jl Jl£ jP 21 jj^> J j£j Df ^ U 3j§ 01 0 jy-T 

«4 — j jiJi 3 jaJi» ji strong force rjjJJbJ^ om ^ j? ^yrj *UUJi 

— t ^\) «AAJtjaJl 5 j5Jl» ji wea& force $ (J*** Sjill ^ ^ dLJ: gpl 5 yJl) 

01 j|_P jj ciLi^ go jfllt jyU 4^5 Jcr\ tj! Js> Jj* ^ijsj |I JJbxsJl 
jj*- Ug;» c$t j? OlJl jl ^^ai? ^u*o ^1 Lb>-1 0? t jU^iil 1 JUfc J 1j*£ ^JjJ^ 

.^lll 0^1 ja OL£*Jl 

Lr _ Ip i5 yiJ ,i difc <bf f 1936 fip Hideki Yakawa I j£y m £*x* 

j) SjJDl 31 ji jlai ja Jit ^JU 0*>U>u Jb V Uil* c^LjwaJl j hj&\ <st 

j_o 4JU L» I ji Tje Lb .(iA*U jJt^Jl JbM iJtA ^^aJ1 OllUi-i 

0J iS j. i Ol ijyjJb (g^jjJLil OUjJjjJl pJa*u> li^ fli Ojb^Jt 

.4j jail 3j£ll U cJLp gjJl ijL^Ji J j*- 3jL5»J <tk*u*> ^UaaJl jjI CJlT 

3 jL^a 9 (Ajji 0 jJlJl oU^Jrb LAi) 5 juT OU*-Jr Uia^ brUil ijlTjj Ja^*i 

U — * ^ (gluon 0 jU-Ji «oUjj^-^u3i» jf pi-misons ^p*tf c j**5i 

.4_jj2]1 3 jaJL-j 43 j^ull oJUrl 3j3 Js£ <f Ip JiLij cOli jjil 0U 1 ^ j&\ 

OU, .4r1 flj a 4_JbT O^bjl 1 JT <bL ^ jsil t \JU aJc&\ teJS> CJ\T (2uiUr1 

.lil l$j Cw> ji ^Jl A3L*il UiT c3 jJU^Jl 

o jj i\ olflnH r J^l J CJ? t^Jdl 3 ju^iil SjjaJi 3 01 1 jlTjj 

^ — LUij j— «T gjjt OUjjil 01 ^Ikujlj tOUj^jJlj OUjJjjJl jo 3 ju^Jl 

.UbjJ l^a ^bil jXOj 01 0 4^3 j ihjHi\ IjAii 

QUU: „ li dJL-ft o 3000 jIp ^ aJIjP oUb^j: jjyit cjlp 

OLiku jp*<Jr ^a>- ^JUl t0jj»Ul 
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quarks £j j— £li o^-j ou jjgUJ J^u SjLp ja ^yJ) JpIaJi j cou 

j! .^aJb?- ciUsf t J*>U tJLfb ^jw?I AAJi^aJl 5 j&\ jt cJj 

^j^di ^*Ji fj.\> cCarlo Rubbia jIjlT fl983 ? i* 

<uJU*! 4 — oLct a*i . Jjty 3 ^ LU^lt 5^5)1 *yrj oLft }U:> cCERN 0 j~Sb 

.oW~Jrl oJU ^l£J ^jjJi 

cJUfl 3 tfl983 fl* J .AAJuiaJt «Oj-»jJl» boson Jftib 43lk)\ 
u-^ Wjj • Z J W t ^Jl jw* 



^ ^ JT 100,000,000,000,000,000,000,000,000,000,000,000,000 

.^jsil -!3 y OjJy 77—1 JpfK Ojj jyj. U jAj 
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Metabolism 
f 1938 c-sLi^VI 5LLc 




a jij JtJbM JW» J| jSLJi ^Ji 



Adolf Krebs j-*/ JJ jit j»u % h&sXi ,> 



?^JWl ^Jajftb fr^i lJUb J*iu ui-T j&j .i) dlfiU* Ifi 

^ j-iJt jjj&U U^al SL/ty & JLJ^ J JojH\ aJUp 01 

y o Archibald Hill J—J* aJlT jt yll^i i*JL«A)i j^T 
^t—iJ Li ^ jj^Jto 0( ^ifewi 1913 fl* .If^alfi frUit oj^ ^pJJ o^U*Ji 
^ Of JLisfi 5 juT AsJUa CJ\T j .^j! y-l A^jdJl 1000/3 >ua» Ol jj* 

*i_a»M Otto Meyerhof ^ jA • jjf yilty i-> 

j— * 4Aut — • *j -anaerobic iXej aJUJi oJLa JU^ jJLbli c^^JUwJi jaUJ^ 

AJUa w!1 \ — d\ y> ciAKl ^ jf «$.! Jjwb» ^ib: Mi^ 1 

0? ijj->T 0 J^-jlS .d>~J}\ Ja*\>- dLS^J 12^^ &*~£ j^i cloju^i 
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<jO* .L^tyr J-*« ^ cLJdb f 1900 fU- Hans Krebs ^jS" i iU 

.^UidJ ^^UaJl £~~Jtj fWM J^T ^ ^1937 fl* IfeU 

y-^t ^iajJi c^ytj ^ j£l o^jiT oiji ^ jf ^ jiwJi 4/ c( 4 j^i'Si 

.aSUaJt j till O^i -L~*f jf C***5 4JUjJI oJLft Ol Ja^ 

Ja^ UJLP Jjt fjj Jj^tj Jl ^SLJU Ja~Jl ^Ub UL*-£J| 

^-JLp J— Jxj yty 01 Ja^ f lX>\* cijJl J aJ U}&j dbji-Jl Jfl*U- l£&J 

y^ 1 **** 

O^J tdjla^ y-Lj .5 jjJLlt ^ 4Jb)l djk^l l^arl^l ^Jl ^^^J 

.^y-f ly> l^JUTb d jjjJl JLnJ ;0jJbr j^ 9 jcuJl 

Ol jia^-l SJl^Jl OliUIl j&j* l j\ jAS*t\j ^Jjl U jije ^Jl (Obj£~Jl) 
.UsH 43lkJ ^ J 2b 0 lkJl J^p ^JJt ^L*^)l V s " >^ ' ATP— It vi>j 
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frL_Llj Jj-h £i\ ±~£j\ ytt ,y If* cdjjJiJl /Jl oUjj^ J>-UJ 

fr 0a*Ji ciiT J& j^t/ J\T cfl938 flp J>^i .U>UJ Jaiuli ATP— H ci>j 
Coo ^ jlS Uf p£j -4*~Jl lit jk£ \JJa*j Ljyi\ lJL^Si\ SjjjJl oJLa 

i-Jlt Jj fjJl J OU^LJI Jij^ iUjU lk~u jJu u^Ja ^ J^Lij 

J — Ijj Of ^~Jrl Ja-»j^ jA^-iJ ^ jlai j* :iiu>ia JjLa>. 

•lT^j^ 5 JJ^ ^ n~J^ aJjj 5a ^kJl ^^b 
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Coelacanth 
(»1938 l^L^V!2li^ 



Ot ^UUJi ^ j^T oi3 t dJiT*>LJi uiUsTi jlp ^1938 pi* ^^JUli (lu)i jiw> 
oUJaJl J aJ jf y>**Ao c^f ^ (I j c^m* 0 jJU 80 j* J? j& & dU-Jt iJUb 
jtji oiyn^di j*^ ^ uij^i jjiaJi <JusP^ la* ,a«jb- 

. jUis^l j i jJb- JljJ V Vr jlj;J ljUJt aLaaJI 

4_j{ c \iUjU iJbf Jib C~J £j\£%J\ <3\J^\ J^H U 

j — « dJlT*>L-Jl jm ih^i 0 jJU 400 jJC OjJJ 5jUp 

^^-Jp jS7,u J j*J\ £jbf- u^-ji (ijl* Jj? £>iT d*-Ji dUJU c& j&\ *b yty 
tlJLJj* .iSji L)jte Jjfj ^JUjj J jt dUJb c j>uJl JJ ^L*Ajl 

01 jJ-l pip J ^1 JUsT^l iJLft j£ US' cbi^i JJI j( ^ Jjb-l j dJ\T*>L-Jl Jju 

^^-Jp 2*3 cUIp jy*>Cj guji ja kJUt cMargorie Courtenay-Latimer 

.1 — JLjif c-j j J2-£l c-Jbr OJLi C—jI SaL J jyw? ci^w 

Hendrick ot— -* ^ ^ c5j_Ui ^uf ojii Obj £)\T j 

«i ^Us»*jU Sjji* j iJir 1 ? ^ »s\la-ai U i^«IL> bis*» tGossen 
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.80A3 j! cSjJbr Oli j&P ^laJ Ol3\J^T^l 
i3dL*-ll f j_Jl d !i J ^>LU *LP 4JLkju cA^ali jUj ^ jjP jU COlS* 

^U-il ciL- Ulp 1938 ^ 0>-~^) Jj^^>^ j&z j* jij^ j 

.JLaJl WJLA ciJ^ 

J-^ (I ti5t_j* .UoJLT U^lJi jktdb oU-Uil oJLft Ji* J ^1 >ty fltf 0! dbdl 
C^ii c4j jl3 libti .3 ^ flJUa ^jwjP X~p ^Js> SjjlP 8 ^ki *tfJj IJj cSjJPjL* 

IaLp L^JLp c*j& j aS^ J-^tT a^? j U ^jjpjli Ob cl^JbPl ^1 iJUrty WjU 

Ci\ «*Ap AJUbtS? c43 jj JU £il3 ^~J& JjJb j ftOSf i«> Jjtu CJlT . JU- 

C- 5*^1 jjP jt * j! tA^o^Jl flJU 4J*U jP 5 ^ dJJbtf ^ Ut ^P j.A^jiw 

U jL- Jj Siu^li . JJ U£\ alii J xk^i ^ tf* J** (I *£*~J1 0i U*- 

JLp 4~gJ- jfij^Aj Jj c^laP a£*~J| flJLA ciilpj JaJ y ^ cAPjj Jb^iJl 

^4~«Jj UJkpL^J 4.».g.^a lilS'j OJU tlfrw^T (wJl 

c^jjp « c-Pj-^f ci^iJl 4^*Jl flJLft j jyUaJ^ ^i9xia Jj Ijflri j^I SJb'lP 

IJL-j U Jl U^l5 8 jj^ Js> [&Jaj ^ <.l~£l\ j * J j£\ £*r\ J,\ o\*Jue ^Ji J 

OjJU 80 

j—^r ^» jj a*»^ ^t^Sli j *Uh#i 3\^f c J. L. B. Smith 

t^i jlj i^Ul O^P AlkP frUiJ Vf^- IjiliU jj-JjjJi OlT cia^l ^^J .OjJ j) 
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.«43 j-^> jit 4$U~JU |t~£UM j *Uapty j ^JaJi j£-il ^ Ja3\** !^» 

OjjU 400 jiTS >s3 (I lif d*^M j<Jl \±a jl^fe^ U*f j£) j 
j,/3 \\i .JlL^\ U jJ djil dJLa ^UlT Lit} &IS%*. ^1 jf j£S 

01— ki ^L, .-j Ol JJ 15?- A3Lij 5Jbjt 3 y^P £jt dUb CJlT JLiJ . JaS JL*-f 

5 ^ ^ jfi W &IS%^ Eric Hunt cua sibji a^aJi 

.f 1952 

J*J*i ccJJLil iaJ:! J hj*J\ AJ>\J~\ £\ yH\ J ^ ^1956 fl* J * j-SJ 

0 oL-kjti J ^jJi ^ ^u- OjJU 80 ^*Ji £-b c£* !i l •j 11 *' 1 jj-^ 

.01JLJU Aikdl dJU J £JIS%^ & JJ^ 1 f 'f 1956 fU- JLu 

y^f ^ ^ vrj JJlAl <Ju=r^t iJUb jwaj Of 0 Jb- 
— 1— u-? cLatimeria chalumnae ^\ <±J\f%»J\ d-jr 1 jj-*JjjJl jU>( * 
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; aUll j JaiJ- JiUll M**ai »li iISLaj^a £>Ui^ N 

c£j_*£( iJLjb .UV,?- U> 40177 j£ g-f 
«Oa c^w* . J»1 jiiUlj eao^ll £1 jity 3^1 Uji 161 19 ' • 



261 



Nuclear Fission 
f 1939 JiLi^l <±uu 




.iUjjJl **JL.ty j dj^iiJ uiU-T^I lJUb Oju jJJ^ j-^Jl J] oUl US* 

J j*c » Otto Hahn j>j\j Lise Meitner jJ JS* b€ 
1 — «Ud ctransuranic elements f j — Jitf ji J*-f j^J 

y e j -4 JLj-iJl jJ O^U/> <b OLtf U J-aP .Uli gi jail 



262 



^ j ) \i H g I Ujlp £>Jb- U Ui ^lasJ l^Pji ja dJUJUr 4^ Jj ^r^l3 t<W^3 

LPUJjJ JjaUM j»jJjlJl JUns-rfb ^^ai? jJj^O J j^f j 

JU j^*J\ Jj jlyJl jJ JU* 0\T ciiJ^-i *oJ\ j UteUj ^ \£Usj 0? JJ 

U— a*- j Ola jjjf £j-/l3 .^*AJ^ J «JU*» <uJLj c^JJ jJbaL ifj^ tylj* 

.h*JojA\ U^j ^ ^1 yrj ^Uf 

£ * * f 

j^^Jl JJti cisAt V jL» \ jtjiaj c^JLj c^j yxJt dJLL 01a ^ij Jju 

Jj ?~ J-^i (I OU j? ja <Jti£j* J~~J £ jJljjJl (JUfij 03 OU OlS" .dU***a J 

frbJt \\ j>P ^^Jiill lAlfl-ij iJbjfc 4^ J jJ CJlT Uljj 4^ j-^l) UJbu 

O JLi) .Ijj^i J,^flrA Ig-ii J ji OijJJ AiikbJ- V^Ai J Cw3j»j 4 j^JLl 

4jjJU1 c^^Jl (^jJl ^i^y jiuiJ of jJ O^lT 5 jilj JU$r)h j djj*aJt 

431— £l Of J >f ^ .4—^ Oli^w UlT ^iJl jJr! C-Jbj 03 lif lay cijP 

f J^JJ* f j! <^^f 3/ ol) jjjjj j-ilt f jJtjjJi of c-i-jf oOjo^t 

— ft J*>L_* 43lkJl iUU OUT jtj*- cOjx-ij^lj fjdjtJl tgc^jl Ji 
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.iS j/dl jlkJ^I aJUp CjLiaTt «S$J I a£a 
j— a ^lill fjjj j^fe Jju iflJb 2:20 4PUJt fl5 JUP cU^fc CMjiu £Jjt Jju 

^L^ilt Enrico Fermi ^j* £ty\ ^ 1942 f ip ^ (jy*-**) Jj^ ^ 
£>Ul id ydt oUrjali cJ- g\) J>\ jdi ^aJU J c-Ji j£Ji jJai ^ 42000 

./»U jlk-iJ^ ylsJi jJdi OlT Aid ^1945 fl* Jej>J» 
j^bJJ c^jjAJl JjjJH ^ 



^jjT JU^ j£J ,0U jijf :^j-^f cj^t j0 grj J* tjiji U- cI^Up ttfdj 
U4U a* f 1968 f ip Li/ j cJW5 jjfi U^UtfT f 1878 f Ip ioJj aid cii-. ^i-Jl ^ j^* Sai 

ii5 -Jp OUbt ^ UfUij f, (109) f ji/4 ! J (105) f j-iUl ^^^P J^J lOtfl 0! ^ 
j^-Jp 109 j^wJl ^ tf>irfjA} f jJU ^ J»O^I ^ Ot -4^ jjOi! JjaJrt 

>( ^r /It Hj-Jrl JUib 
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Blood Plasma 
fl940.-iL5u£VllL- 



■ ' i 



4, ...rrJoP J**u*-J j ^JUJl 4jai* JtjJ *>\i 4 aJUjJ! fjJl iJ^ jj* 

cf 1897 flP Lft^ £>jJb* c~*> ^3 Jb*( jk^j ft .fjd) i^uJLall 

.<^...0 + f O\A*,A" :^u> a*j*# j£ RH— !i >ip ^ JjkIi ja 

<^_Jp OlT XjJs %100 2UJL- fJJl Jis Ua* cj^I t ol3U^^ oJLi 
t\_j A f 4 — Jl a^U-i j^j: U jij? f oil qa £\j>\ SjU 0V» oU^uJLl 
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JJ J,lJb j JUii Olf ^^2*11 f Jdl ^tJaju Olj cyf j£j Uja .a^I ^Jr! oU-UJl 

.U j*P OIjL»a It j W ^Jrl 

cAj-p U -ha v j : jk^ij iw?uJi J Charles Drew jj* jJjbij ^ j 

tc — * 4 — JLT J ijjf^ j Uyby 5 £>tf U~j .f 1904 f Ip 

.4-£bj)l ^Jb cJaJl ^jJb 0( jj* jU^I 

Sa^ij) u^T J J^Ca A**t£ aJali i^jjdi J ^IjjlU jy jj ^1928 fl* J 
jj* c/J^ 4,i5uA .(f 1928 fte ij-Ji o*AkJt Jji J JJ!*i]i IjubM s-^ 1 c/J ,X9 
J .i^Uj ^ yijJi jj-i jjJi cDr. John Beattie &tiyr ^ oJi <->i j*\ cJ- 

*jO_J-l ^jUl fOJl a jsi JUJUsJ <j ^i? 4*>1jJb jj*j ^ fjb 1930 

j_* I f Jb- JL3 IJLA jwaiJl 0 Js>-* 01S" .4s~J jy> j-* Sjfell j iJlJbT SJbrl jil 

.4jj** OblJba) j3jslt 

Jj . Jl£l ^ J jail ^ JJ* AjwUrl iJyj ? 1935 fU- J jj* ^ 

jjl ^b jP *t 4j j^ajJl Ob J^2A) a] C^T* c^jT ^ll * jkU 4^ Jjk 

uj*>b» jf i/oot/ plasma ^ «^Ub> ULa ^ jltti 

^Jr 4-^Jb 4j»\^ fOjt Uj*>b jcyu UlJ ciiJb^ £j jii 4Jl£ ^ f Jl!l p~*JB2 jj^ 

.^jj! aiX»l ^1 ^ Lpl^ oibr LgJp ^iJl tOlT pJL^ 

. J^iSUl f Jjl J>^ Uajj Oj^i 01 jSj: Uj*AJl ^ a] j-^iil j^l ^oJl Ob/ 
i^-^j Uj^Ji AJi^b ( ^ ? 1939 fip Ju^ri jj* J^j? 

4_^l ^JUl JJ \^JJ ^dl AiU?b OjJbr ja (L$S y 5*lpl) l^t jj! 5*1^1 ^ 50,jo OldUl 
.a^JLa b JuVi *J*iT JU- fjJl ^jfcl j OjSo Of USJT ^»f tSt^i .JJi 
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*>Lb ou jJUll dJLa cj*~^1 .Uj^Ul <Jh*£ dUAf j Uj^ j ob 
Jjf jj^ ^^-^l 4^1941 * Jj .^j-Jl ^LU^ 4JrU*j 5jl^ baUjj 

C ^ ij jjf jO OUlk^Jld ? j5-5 AIT (UJl Jjb iiUujIa JPU** 

JijJ^Jjj^ -W^-l 2ubJtg» 3^U AjjJi^- tOjUl ^JuM 

jf Li I — ? lo t ^bi j^Ji cObjlid^Ji ^ jujuJi JUL* .chlorocruorin 




j£)a J^U- SjU- viob- J dUij j 4-oLJl ^) f>1950 fl* jji Jj? * 
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Semiconductor Transistor 
fl947LiLi3JVl: 







t(Jjl j— P) jf (0*>Lp y>) jLJl y &\ UJ it jll ^oaa 

Ul ^Pj .(O^L* ^0 oLii) ^*b ^^Jl jLsJt jj» ^yuu jSJjj bL?4 ^uJ 4ii ^^Jj 
Oe-^ 2L»J J] ^^k* (I lJb-1 'it c j-i^ 0 ^31 y-1 jb cM*g\ 

aJ| 43 ?tj 4jL* y ij »b jf A3\5j j£) L?yi ^ j^P jji-i Jii jsll gj-^t JLoJ 

iljP J Ojjj JJ=^JJ^ JLo) Ut* <jw*oiM C~J <Lakw OU jjs&lj 

2L-jjjs£Wl 4 .j.uU oij^^l jj» teiJ±\ pliuu* *yrj <j* J*rj oUij^)!! 

bdb \jb Jl^ jJi Ju^it 
jl^Ji ^ jii Ji3 c j£ oj*** John Bardeen j^jb Oj*r OiT 

^Ufl ll c J — O^juj^ JJ jj» <uJs» y jr cf 1 945 ft* j^- b j^u^ tb j-iJl 
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William * f^j J** ^j* 51 c f 1947 P u J 

JUju-^i u^u-iji J u?j Walter Brattain oy^ Shockley 
«^M,n li ^Ub OlT .oLijj^hM J iljJD J^sil 

4_JUll 3jJ oil i5*A$s^lj jJj LiUuil j 4*bwill OLijj^M jir** 

. J^iJU 4T5I jb£ ^ c*b < j£l 

£_a J3! y diJiTj ^iS' jJo ObL*^ h^fi JLjTbj 4JU* jj^jb fjb 

^£_Jl gJL^Jl £ j .Oil cJ^jJ Of ^jJb Ojb;cy by* OlT .^Jp JAdl iijIaJl 

J !l 0 j& ^1 Jj *i j> jJU jJH JlP ^JK jfti L*tb~» U?jbu Ob jjOjb 

t 2bu-M»lj 3fjc£ JU>L» JUi .*JJA\ ±~*>j>J 4 Jii j-Jl 4di jjJl c3 ji «, >4i) 

IUU OdU* J}U ?J JU jA-l Jj 5 yJb ^b ^1 jLdl I ^Uoj 0? 1 j) jb* 

.^idU JUL. ^^Aj J?tiJ 

J jSH 0 jiL_S* « jA&l j (jj*3 ji) yliJl jJjJtJ ^ (% Ja*^ ^iJl lift 

^•*^Ji JpI£ Ot »j>f ijA^rj Of J} cOljM^l dJUb Jjx ^1947 flP 

ciCl^l JL03 jif IfliSr) 5jU)|i UbjP ^S3j t y-^l ^Jli-I JIp ajojw 

^ * * * 
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a — Up ^L^jj *i j5 ^Jj 3 jAlkJl dJU f> Xju Of ^Js> OlS" 

.UW j jU tAJlP a»jUU -JIp jU Ijl jb* <LJj d^U h\ 

jf «transfer resistors J— &di — * 3 y*LJaJi oi_^ 

9 

5 ji — *) f-j—& ^wJUfJ] ii^k 5 ybilaJi oJU oyj jloJ .transistors oi y 
50/1 ^ oijjx-ijiijaJi cjiT .aJL^i Uj5J Sop <Ju^L l^kJL? dlUSj 
frijsr .o^UT l^iji frblj liyi ^ 1000000/lj ^ 4kJJ ^JUl jJ*l ^ 
-*f 1956 pi* *0jJJi J Jjy ojJbr iftaJi Jl* ^Jl ^-tiJ tdMJ^l iju* 

Oj — jf J <^ — 4 jjs-^l jsJb jjilj Jj! J?^ t^Liu^Jb Jpli** 

.f 1954 fip (y t jsSl) J j^i jijJtJ 18 J Ji j-Ah cRegency TR-1 
361 J^W U) J^jA ya 49,95—1 UjU^ o j*- OlT 
ous j^i j c^_^t Of (>r - >d» 0 yJi ol^u- y-i jt J ^Oii jl .(1^2005 flp 



0 yrj Leon Cooper y 0 jJ 1/ i jj^T ^Ip ^jjih lM * 
BSC theory ^! ^UJ Ufe ilb fl972 pip tJohn Schrieffer >y 

0 j-^T jcau cll4 .43 j^t IJL* jsli d yblkJ A-^Uil kjiaJl >aJ ^1 (p#s"f J^j' 

^) OyV ^ ^ J^ 1 4 J*> ^> J^- Jj f 

jsH -(Frederick Sanger >iU dLjOji y £ cLinus Pauling ^-J jb ^jJ j 
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The Big Bang 
f 1948 ^Li^VI 11 



ijJJl ^iP" ^&Uss* ^r?y^j 4*M*£» *i 



^ljjL_J 4_-»ljjdl di_ft j-wxjj tUsj^a AjjjjJ? U3 l^sjU iulji 

ju% JJ Jb-t ot^ 0? 0 oa>- ^jfci j 

.0 ii ft ajJjJ J jaw ^Jp j jJ^- Sabr SJjU Jjt c3 j^Ip J** JjlC 

t« jL_5M5^1» p*\ S SaV jll ja &*JA\ dLlJ jlkf ja sJ j*Ip i)lf 
o_jw oi ^iku-i ^ 4Jii ci j^Ip olf uT .Qa Lajj jj*- JUju-j^i oJ ^ ^JUi 
ijij^Jl LgJj-^P ^ uU^j f jaj cA-^bj iiL ^laj ^jC-Jl JJ 0 j£jt 3^ 
t 4_-»Li j lS _JIp jUii 0 j&l Jj iJUJl Jj^laJl dUb US COlS ^Jl 

iJL-jb Jj .Jji* ^bji <j\ -iJUy Of JjU ^ijJbt uLfaffi 4^1926 fl* J 
?LuJb ja^u OlT Jj* J Up ^ Up *uWl ^ JL-J Ju^il 

1927 ft— p fli .0 j&l (oj ti/j ^ jypx^ ^jS> , jlkd! iJUb 
5juu alai; Jj JjU ciu^I liJ? 4j? Georges Lemaitre <u js-<J ^jjjt ^ j=3t 

*\ — Jji\ ja ~a±J& hi cJlT 4^1930 Jji^ .«iJ j£h 4jaJi» jt cosmic egg 
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^ j .U! ^TjL Ujij! J ^1904 flp George Gamow ^ y& ^yr oJj 
a*^ <ujLJ J>)> Of £tk^l j l&^t Jl ^ 1934 fiP <J ^Ip yrU cdJi .<wAp .up 
i^ylP ^\ a^illj t AJj£)l AJaJl fj^Ao jP 5y J J^lP ^ UJUP .iJLA 

.Ul jJL?r c v *> jf UJL^J 

4^aJl ij^\Ji\ ijJjcj A3l^j 5jb-l j 5j3 ^ip U?- IJj J& 0j£Jl OlT j) UJ 

jj 0 jiJl d\ aJ*>^ ^ cJf j cA* %>* a^jUJ-I j aJW**^ j 

^t_* ^U-i^l ^1 4j 0 L^1 oUUl j 4tjiJl iLuJl ^jkj jp iaiill j?Jl 

AJ j^J^ i^aJi ^r^y ^ ^ ^^P ^ cj^Uall dJLft ^ ^Ij j cU-Jii U^i 

iJLft ^1p J^lP jlfcU .db ^! jiJl J cJU^ ^1 aJU-^J^ O^UsiJ j 

I fli }a JlT AkhJU! dib JUP Jj^l cM ci/ U?bj ^1 US' u< ^ 

j p djdjxlt oUljjJi JUju^U dS* a] ^jt* .^oScJl UjiT oUjyjj ^ ^U^U 

j* (pUa A^jO^ frJU U?Uj jb^^l iJLa *U=i1 Ij^li <J ^lP OlT 

— > -^tfj AJliJ AJll jU5» 5 jb%ii*i Ai^aio 5jj-^> jJi iJL* j^Saj .j^ jll 
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O jJ^J) JLJtfaJl ^—o *JUU h&S Jjjt Jb ^ ju&l jbiuW t)( c3 j^lP 

J * *U>j-a)l j» JupiS" «Jj *tJUA^1 j&j cjtJbJt dUJll l£*U* jf Cibt 

. CJL^ Lj OjJb 

jjjj ^iJif djuj Jjkj AaIUi <_^9 Ua^w J> y\£> JlT t 2Liu>L» JjUL>* 
<UU* j Oid .AJLk^j <JlA» J jyw? yinT Olf <l£J j 100 Jj* 
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Definition of Information 



f 1948 l^LI^VI 41^ 

: 



0* w>U jkJU j£ 
iJU^iJi 5*Ut jt> JIp J^u Of j 5^ uwjl iP^jlt Vk>*Jt J 
d au( * e Shannon 0>u> aj^f * — . 



^ - <U iJjl^- ja jJaJ cU Slti* jii 4C-J jsflh ^tl^j ^fiyjf j 
JLi^Tl dUi J** v*Jb? piPii cDVD— It U>y jyu-J cljl*- LfcU J**-J 
01 & jUi Of 0 jili a jiS* ciUsTi l^w^ A^^l! ojjsH c-Aut .0 jiU a jiT 
.5iUU ^Uji jiju aUu Jiu?j cOUjUi digital bits ou*- j Jj 

A **3 J\ 4— *Ja)l uw? j) f 1948 flP Ub ^1 AsJlio C-Pi *XiJ .LjU jIaU j-*P J] 

.AJU jJUll j-*P UPU Ola jWJ 

.f 1916 flp ^y>^ OU-JL^ <Jjj J Claude Shannon 0 yi$> *Uj 



« OjJL^ .iljO^I ^j\sJl j OjJU jji-o Jjf Magna Carta (fJa*Sn JlsA 1 ) ^ * 

John Lackland ^-J^ 0 (/jJ^I ^ ui! ^ i3 aL * f if 1214 f Ip i^jJl «Ju> 
oL-ijjUij dJli djsWl J d^ftli W^li (^yl^ ^j 11 aJla pfcf fl215 

<L» 5jiU kwi CJtj .OUl Js> Akil^t j ^tfaS?t 0 jitfJb £ULl Cy»jlf ;4-~£jl j 

J t^-Jp j— » f2007 f Ip (j^„i) JjVi 0>lT J j^ji 0 jJU 3,21 ^Li yu^ 
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J U—afcl v. llkil i« 0j& </f frlTJUt jitiJb aftJ <uL* j .MIT 

c3j I jj\ Sloj 5y\ laJl L$Lkty i^jJ n^^t J Aj\Aj\ p&JU> ^^OAJ Ol£* ij tAs^Iji 

^ ^ i*L-*jJJl JlP f 1938 f IP ji^rlil J OjiU JJUj cii^-t t Jb* if ^ 

a k j >..— i Ajjjs&l 5yb of 0 jiU .George Boole J j> ^jyr yU^jJi jJ^p 
Jjty 5 J>\ dUJ cJiT .J j> ^UU ^ ^Ji jWJ fcg?uM olUJi j^tj 0? 

.a—JjjS&j yljJ J IftJL^ j& &l~*> ja j£\ OL^Uj U jtf^ gJ-J ^1 

.OUjJl JLflju dUi JLju 

01— f — jpr j_J J J — +1 0 jiL" 01 JJ 0 cifej iter j£ ^ip 
4if tO jiU a jlT j! l jiT jti !?(4jajj-j J ^U) 4iJb a^^» oli jf c^U? 

. OUij j>P ibjudl A^Ob-f tyjS <->jS^ jSTf <J jP 

-01 J o; Jj— t ttije> h\ ^Js> J^ju Of jy US' .^....01 j^f 

VJb .^l. . .aaJaJ^ obr jit ihji*\ J\ obr- jll ^1 ji\ j* o j^aJt ^1 j*f t iJ^^I 
I * :as *»1jJU Op-t iJbr ^Uf JlJ-i ^ jT^j of 0 jiU JjIa JT 

Mj pj J ^ dLJl ^ JJiJj t 43lkll dLlfu>J oU^Ull Of OjiU c-il yr OlT 

^ j-J tfa~- — * V»>- u-f OU jUl 0^ c(45lkJt ^ U5T jf 5 ji) Vjpl jif Jau^L 
5 — 0 0j£s-> Ja LAjJij Aakd ^jl -«JJ^ ^Jj^ (Jiji jfy JJLit ^< J* 

:A* jJUll ^ J-tf«-» t4*llAl! jl ys-at jJ- C 1 j t^ijUJ V Cjf ?AjUT 

!(A* jJUll) ^ dUb t 0^1 Jju (dLA) V ff 5 jj^ cJlT t ^ jf 
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OU ?- j j o J j Jj OU jJUlt Jj j£ <bl£»b 0 jib* i5 ji? 

U a Jii j 3JUUi aJ\1« 4Jb ^S3l Ol jLsJl Ob j c^/^jo J^-ij 5k> ,.t 3d yL« jLw 

4_^T Jio utf -c^Lo^U 5Ud Jbf ^Ji oU jUl 4~*£J Ub- dJJU 

ibbw JiAI UT . JajLiaJl jsf ^Xo ^kJl ^ U f f- ^d 0£ ^Jl till 

gj — ll OUjJbdl A-oi'j OU^Uil J-«J- jjjsll Ob^sJl c£*b» Jo 43}Wl UUflJ A^bj 

.«&r jit Jp j*» ^-J U ^ij cLgJLs^ 

jfrj JoJ*r iSyj-S jtjji 6000 dUt* t^iiu^ JjUi^ (0 
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ft 

Jumpin' Genes 
fl950d>Li*V12LL. 

^ ar ^ ara McC in o j 'J^* ""m**. c^ 4 

.Ik* JU> OtT 

^ oL_jjj1i til \ £ b^J^ OJ ^"J aj jJi ojJLU J*A* jj9 

^^-Jp ^ piasi* JiJto (%i3) jilisJ Jj cJai3 j31aJ| (^^L) 

.JoJJr\ J ojjbtl Ottjjll JJLii d>l*J jl JJLSJ JUb j i^Tu? juiul 

i5 jiJS^ IjbjU jfl jJl f 1983 flP Jjj5 cjl* j .^1 yty ~a*3\£*j 

UiUjj tft jjJl jtJp j ^1 ^JUsTl ^p! jjft J^-l j» Ail 

SuflL^Vi Cut *U» lJuS 

Barbara ^ j-^J& i jb c — *\* jjJi ( _Ip J Ph.D-Ii 5^ 
*L_~« ^ hjtJl ^\ jJi cjT^ ^U? jud^p ^ ai* J McClintock 

>i -fl953 f\P db/j 0 j J-3 ^ DNA -Jl s^Ty dii y» y-^ll J^u^^i * 
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^j-JJ Jpj—*A\ Jjb jaK j XPb^Jl l^jbj 14^- j oL^f 03 OlS" .*At j 90 
t£—J jJ d^jj^- ^3 jJi> JUr* aJjiuo aJU 4 5 b.;* jP 3 jLp lJu £jjw> jJjT «,L-a OlT 

oLJfU ottjj* t/jJbj £jj3 IjbjL! flP jA f 1950 ft* Otf 
1 — 4 ^ j£\ APjt>» l^jb yuSJ CJI^ U 5ilP .y-^l j JJrl JjLsj djjUi 

tjn,ff it ^__d3 .4uJl J j*a3 ^Ip JU*tf CilT Lg-aUf IjUjU 14 Cwa3 ^\ 
li < U> gsiutf gjJl OtiUl lSJjJJ ^ y SjJUl Jib- J Igsdj ^laju ^^ai» CJtS* 
dlsif Of j& ^1 Jp\ jjH\ j Cj\ jJJ-I j 5 jUaJl oLlpty Jjjd tii-Jl dUsJ OUUt 
c£ jj — s*ll LgJLJL^j Uij tlgil^d tlAJU aLl-» JT 0-^£ tub ^ J Uf .IS jl^cy 

1 — aJJ* U jcytf OlT .flJb- l^o aLl*j Ji" OU J^- Ajjja JS" Jj 
0*^t^-Jl ^ioTfj tAJUu^Il Ajjs»*il <iLi?Sh j^U cJb-lj j^Jj^La 

.1 jbjU ALjkJl CAPU dU^UW J^*Jl IOA J\T .Ulk^ Jij0-J A^ajJl 

C— JUJl fL_Jl CJl iU ^^Jl J-L^Jl jo ljs3j ^LflJ IjbjU CJlT t^j^Jl J 

j->T l_aIp iJUU-i oi jJtJi j bteH\ j aj jii) ykJi a5o> I jU jU cisil 

a-4- j? l-jitT j oLJjjli ^ .!A*3 d ^ ^ y-^u jf caT y-i lii^u j 
4_JI jjJl ol^r jl» a^A CJIT .I^Up JUjj 14U3 I^Jp ^^Ui ^ ^1 ctfjjll 

.CjUj^ OiJLJrl lilSU jjbi U -JUti»t <Jl*J j( - JUA] 
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-jfrj^M <J* bj* 25 crtoiu Jj 2 ^ 1 cP 3 ^ ^UiTj tSiljjJl jp jjJL^ 

.t_$^by j£ i JL?- Uyf dj^ J IjUjU CJlT 1950 flP ^Ua*- ^ y 

.y-T ^lp OULj JasX t)f Ojjd dj^-fj 

iLJyJi cjiT .^jjJl d^tJJ a^jJi SjaJb ^1951 flp ^ c^ii 
1 — jjliJj Sf ^b Oj^-T f&j Uuj iJm^U c£>*> pf* { tJ ^U> ^li 

• 

J i jU olJ t 5ajtJUr hjJor i£i JS* ^ Of aM*)i US' 

IjjJUJb (I {ft U>jUl* aid .S'ifLSUlj j*^aJl ^ j^T ^ JOJ dji j>*^» 

.J jfi U OlfJflJ 

fa jj djJLJJ Jt^ij ^^Ji JuM u^ijj jjE IjUjU coIp 

JU a^f ^jaJ ^y-f 2Lu- 25^^! t Jb- Ajj ^Ip 

J Jj Sjlbr £^ S| j*\ Jjf •djaul^* *J^J^ C*?w?f JpUi^ 

^a^-i c*^ cfl992 Ulij ^aJ .^TjU^ Oji ^Jaii jf a^JLjjJt 
Oj all J 4 jJjj ^apxJb ^iapi j£ Jj* Of lit Ig-iu cj\p%jl^ 



? L^ji Ob lo^ ^Uj dbi .0 jy-^t 4j ^ u ^ H db^ Js> dbf 

.^r jsil iOa j^I^uj c*)brT f t *A^ip coT 
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Fusion 

; IS i|| | Bill 1 P " |r | ! : * : ■ : , ' : , ' ■ ; ■" ' ! 

Lyman Spitzer ^>u*J $u*fiiai <>• 



\ ijai ^UJ ftll jj au .Aw?jty o jJ^iJl J jyuUJl jjj-^uJl -^jJLAij gcrjjJLil 

0 0 "ft. 

f\ P (\ j_ jb) JLurfTl J jjjMj .dJliJt 6*U£ U*bj UU*J f cjdj-^^ 

ja Jtfi 43lk!l ^ J^LLo *^ caJUp UJb» J» JUsf^i \JLa Jjj£ 

\ i a_>jSll LJbU Jy: * j-^Jt j 5jl jJUfij cr ^Jl Ob ^ULJt dlk) 

»l— U*ll ja 4JLJLS aJ cJ^br t j-^p ^>Ult J ^Jl J}U .S^UpI Ji ^1 aJLp aJL^ y 

OUT Jjj^ 4j£Ul iJ^ j^b tUJbtU ( 2 ^ & = \b) i j^-Jl jjUJLjT aJ^Uo c^r 1 
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— ** of lib ja £\ ajbjjili olUJi Henry Russell J-*) l£ 

43tkll d juT OUT ji j£ JbJb j f jJLil Ol ji Jj jyr jjJLit ji ^m^JLJ 
(f 1920) Ja— fii Op-Ij flP jia? (I .^UJU^t ^b cJy* ^\ caJUjJ) oJIa J*te- 
dJLJij cj^dJJl J-*P 4ibjk Jj*- dj^Sll 4j ^JaJl dJLft 4*w> CO ^sJ 

.Francis Aston *o j^T cr - ! -Ji yJ 4-&UJ1 JbUli 
-i«i?uji J^Udb-Hans Bethe *%j ydty ^Uj-ili JL* j 1939 flp 

4jj,l ■ >> 4*^ O jJU jjiJ 2brjO) j^—o 0? Jf: jjJJjI ji Ob 4iJ O^bt* 

^ j — i J objj jjJi ^Ufirf Jl# Jj kju&j (c^li ^4 i*-^ OjJU 1 80) 

. jjl^ J^P IJ^Jb 

4— *a\£ l^3*AJi frbjJ ^ Dr. Lyman Spitzer auJ jjsTjJi 

J— Pbtf *1 jjl 4*jkJl Ob .i) y( U L>lPj~*j 1948 flP 4^^ Jj^i j> 

2L_£*£lt O jJt &b-b fU3 .43ik!l JlP ^Jfi\MA Jb£ JU*s->b ^ £U*Ut 

^-Js- J ^^J?bu Jb£ djiu^ ^£Ju> <Jk jyr jj-uM <£j£ SjjO^l 

.obrjjdl ^j*>U ifywJ ^Ip f j5j jjJJi dj^rt cJlT Uuj L^rjjJLii oiji Lr ^- 

^^JjUjU Jl# JJ y JI b: t 4^j\> jP V jjty J^b 43li^ iJ^L-Si CJuf 

mass c3ukli ji^- ^ ^Jbjjj ^juT :(f 1945-1877) 0 j^*f ^^-j! y * 

j?\ diJiS'j yikdJ Osri jsJij As^-Ji 4jjJL1i Js£lt ^Li j ^jbtaUl spectrograph 
.f*r jsll -f 1922 f IP frL*-^Ji J Jj> 3>V Jb .4J y}i\ o*>UUsJ) j ^jL^I JJL^dJ 
fl967 f\P frbj-AJl J Ji^ SjJWr Jp jb^ - gjllf yJbjj :( ? 2005-1906) 4^ ^ju ** 

JjUil! Jjt ^jjkf ^ J«p .stellar nucleosynthesis ^Ji^ 1 J^J^ J &Jaj jp 
OUL !>Uf g^jyJLi Ji 4i( ^pj - i^jj^Ai iLuJi ^jk? J Ijjb Ijji tijij! 
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ctJ — ft J 3 H\ jfr jj^ U j^i ^Uui jJ^ ^ J^Ji jjs^ Jfi 4^195 1 f ^ J 
<d£_* Ji 5jl — ^Uu^i J*UL* jt jjjij^LuJ!» stellarator aUrMj 
J <u^U? lilt 4JliJl jcJw? ^jflr jj?!j%jS-JLJ JJLSJ J jf 

38888871) CjU^3 OjJU 70 3j£ a^aj^ ^ utTcU^^i? 

^crjj^Ai UjM> Jpy kjt> jUl! isM cJlJ-l d&jto jijij 5jl .(^jJ-^ hrj} 

' 0 95 * 

dJL-A j o ^_ ft T .U^S — IdjO^ OUJ jia> iS^lj Ala*dJ 

:1 — $J L-J: c0 j^T Jo\ jd ^U0j*)U cJjOj ^Ifc jX^S xlLajjt* JjI^>. 

jUwl jjjS^ ^Jt c^^Ji ^jijJt ^ tfuil ^IIp yijj <fj/ 

J_PliJ ^jJl-«9- jL-^-l ^iJbul c^JJLjl OljUll OUUJI jt • 
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Origins of Life 
f 1952 LiLi^VI iL^ 




IJL-A ^ Jj^l 5^0) SUM CJ j& ca/ J jlaJty Je*\ £>lST VlOaJ 

< /s> «j*J^ J* ^j*} J* f ^ .ObJaJl O^j ?0j£Jl 

! y-T jT ja cif Uj La 5LJ-13 jJr\ iJaAll OjUJb OJL?r j JjLi J 

5 tftiJl ^ A^ ^ H\ A-JWl Aj ^kJt CJlT ch^ AjU y$1 <^JU J* 

u a*^ cuJi j? *+Ji\ ja Vji oj^ki 03 (DNA-Ji oUij^) 5Um 

OOPl* cJfly 0]j - Aj>J ^ CJ\T UiJ .aJ jty jl*JU ^UJ-I ^Va^ JaJ-M J 

J jf IjL^* 0!_S" Oil ,^U-£)t *LJ-t Ua J jSuJl *A*3 tj^f A-~*ty ^Lfr-ty JU 
jlJ Jejty ^^-Jp d\_J-l JU AUliJl Aj ^laJl ^^Jp ciU^Tl Jjfj 

— UJl J^La J ^Lj( C*^tf>[3 cOlkjil J AjjJajJl jjJl OLT^ll Ojjki 

j ^j^l Of t j^JL*J Aii*£ 'id ^ I jJU*iu] 03 *U1aII JlT 4^1950 flP Jji* 

4 — j U*>bUJ Jj*- Ol j^ill 0*>L^J fJL3l JjcJ c Jb- AjJ ^ .Ai-P JjJj 4,6 
JjJj jSTSl *UaiJl J jjOJ cife lia .ku OjJj 3,5 j*p 3 jrJuah 

£tf_^f j^ju) 51^3 SlJ-t l^Jp Of JJ 4 aJ V cJ* jT AiJfc ^Ip 
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Cj&J! 03 i\J»\ Of J* t\Jji\ ja 4JLp^I ciifl oLb c 0iJ cU/ 

•fi* 1 ^ U*> ( ^ Vj-^ <>* eft 

Harold Vjj* ^ jj u <^v£Ji <f j-ajU JyJi ^ jty y-ijS J***- 
kJi aJs> cjJj u i j^jl^J d j£Ji j dliiJi ^UIp ja jij Jj jPlSLi ijubr ^ Urey 
-0 j£h *>IL> JlT ^ j5U JjSlt >1 01 Jj ^> jj Ji\ i^T j£l 5 jS^Ll 

,JL * 1952 fip ^ .Stanley Miller <^U-> Jj dj>oJ-l aij a^IJ 

^jinaj jLa ^13 .AJU^i OUT j*JJ iSjJi -^JL^ ^» jcuJ dL^JU j&»5 ^jJ 

oiji—P <j jfiH\ Jj< j^!^ j frilb 5 j^ll oi jT^i o^S ^ .oJU L^br jit 
J — Uil «d Jj OPUdb $.lli jbtJ j-^j frJa-i o jT ^Uu jLa ^13 

« j^ 9 UL^\ jP j 5op y \3jj> & Jfi j*>U jir\ &\ 0 j^-^H 

A_>jlii} Jaj j3 «Sjir\ 43*Ap J LpU1w>I 13 j j^aj 01 ^JLa j^3 .Ljjti 

^jjO—ii) jijijcyjdl AdUsTu ^jja\ ^\~*S j ^'bjJ :(f 1981-1893) 4^ oJjjU * 
jdl -f 1934 fU- ^L^3l J Jj> 3ji> Up JU3 t? 1932 flP (J,flii» 
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£>**clJ ^jjS* J jblij *bo*- frill jl£ cilUa . Jb jJi ciL: IjU o ^3^1 ooa 

J^— £ 03 <utfai J cJjjji^Jt %15 0*-j3 .4o\IaJ ' g J O ji^l 
4.,..— .j^ll OUJ^il) 4~s*f U^^l jLi 03 %2 J cAjj^aP OLS* y> J] o^i 

jLa 14 ^\ IS jQ*J\ ja *A*3 frULJt ^jsr c^ju .(OLjjjJi c^T 

l^Ty Jj^f DNA-Jt a^jsr v**V c^1953 fl* J 

^ J>( J-/>U ^bft iLi^Sl ^13^1 obj* ^ *iu^l jST^Ii Ai»>Jl Us* 

4_Jli j^tf^l IpjJ 20 dUUA t2Lflj>l3 ^Li^ 

jo— * *i <^ — ii «essential amino acids a-^l-^i J^ty ^u^b) ^ 
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DNA ^j^t 



a^jjh c*UjUl J** 3*>l J£aj ||§| tdK&SOn pj U 




^ J ft 1_P .4_J-I £^ J-*Pj *U V-J^Jl 3 yLiJl jcaw ^JUl cDNA— It 

.«£> jilJ i/t jSTty J^l)) Ail jej^ 1 J«l JUj^I 

DNA-Jt pi* J^^ tiftl .jJtJl ^ 5U^ Mil] Jl a! U ^ yH\ ja 

.cS y-f oUIp j d ^k* o\3^ obr*>U uiuisTU 

pi* iU ^ apL^ DNA— 1^ UJp jj ^-T ^ Ukdi dLtjT cAJUsfi jloJ 
JtfA-lj ^PlUl ^ XiJ- LbO*- Ulff cJapSj *U*ty JA>- OJdjtt t «ijjJl 

9 Cut ?U> ^JlS 

^L-Jf ^ CjtUj C*-lg3 jU^all ^Ub>-1 fjj litfj 43 yd! OJb 

JaJlj — * cAi ^JU Oljy- t 4&LUl ifcL-ty *A^"y^ j*Jj> 4u cJ^j 03 j 



£t j-j^l j-p ^jJUH d Jl\ j;i ji J Lii c^di JUpf ^ mobile 4 ycJLl c^Jli * 
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gju JU?tdl j Adydl A^jf Ut .iblil ^LJl£)l liLUpl 4> jjk*»l djliw J AilT j 

.4jj jJLa AjjjL jj-AJ 4*91 j3 ^1 c^LUaJI j^sJl j ^JjULll 

Jafttf la,** 2ub J ytell jjliaJU ^jli ..ol&ij t fl953 flP ..JUjJl 
Francis Crick j ^ JS* c^o kui*- f ^ f Ip 

James Watson o j-J?i j ^r^rj 

<^Ll all JL-Jb yalaJl J~~* J Ug^a <-> jj^ j j-iw ^ CJlS* Jj v*^ 

i-JUU-» c ilS' 4J3M olji 01 I 03 o yU-S*jAJl J\S" 1 1950 flP 

i**-aJl DNA— Si ^j?r £U^I ajL^ J j*Ul ^L-f olT .SJI j^il oU^WU 
J_*- JfcJb j t *Ubr j^lT t dJjJL^ Ji ou ^Wi a Ju* of ^Ja^-J till! 
csJLJl JSLsJi ^ j( jyy of U o^i ^ 0iT t Ji>Ji Ha ^ il^i J^i ^ .40* 

.fijtA 43%jJl DNA— Jl <ulp OOj 
Jl — fljl <Jj-J*lj ^ ^ jl J«Jl j! dbjT ^1 t£i jy>tf* J 

*JUa <j;ll te*>\ Up> £jl J cDNA-Jl ^jJr y ^1^1 yUdl 

** " 

Erwin jUj jij^i <J-s*f 1 Aid .^uJi d^ju^ jku* J DNA — Ji 6y 



^ Jjt Alexander Calder ^oJlT jju^Jt ^j*Sfl <^^i ^UJi Jl5LiSU 

.j^r >l y^dil ^aJl Jl£-Mj ii!^S/i lijb^- ^1934 4W> J ^oJlT 

s — f jt\ ijii IjjL 3 ^L- t^^t Jl*SyM :(^2002 -1905) cJUjUj ** 

jil *U lJUJLi aJI j^JI a— -lAi ~4~15 jl» :aJj5 <up ^il^, ^i; 450j 
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lDNA \\ js>\j*j SiXjjjlTjJi o*>LJ~Ji ^ 5xU a~j dill* o\ Chargaff 

tSjrb 4 Oswald Avery ***<j ji\ jS\ jjjt ut .l^j isrjij* a^Ap o*-tjj 
4_Jbr .UiM J JJi jjJl jUJU JAM Ail bjsaSyi DNA ^jl* 
J**— I iijj-J^- U5I J^-ij Jufo a*Ip 3 ^il Linus Pauling j^ ^ 

$ AJLaidl Jj^jJI oJLa i>f Jj-J*ljj dbjT J jb- .OUJj^Jt J^^jLJl 

Ug mC JIp aJUs* aJ jjAj- ^iU J j-JpI jj dLjT jLp 4^ j&I Jjj oU?Ua3 j 

tSj dill ^ j**U oULj jill j j£_Jl ik*1 j aJLJL> J^s> UU> Uj-& OlS* .iJ ^s-iil 

.A*tj>w aa> Joj olJUJl ^ 2ujlpUJi Obrjiji! Ikjj US' 4DNA— )l 0 jjJU- 

j~*-J?l jj db^f o*i jt£ jP iU*L* ^ y-i jb£ jy»lT A**br 
jj — 1J1 jij^—sH aJUju^o Rosalind Franklin gU&l ji ^Ojj ^ 
^ (^Ij) ^uJi 0 ji\T J .DNA-Ji hj^r JJUS jj^ jli- <£-Jt 

O ^tLi clfJUjf tfl gj-Jl Vt^Jl 4*^1 Ol jy»lT p^wtf jJljjj colpt ^1953 

^1 (X AiJb tfjfl Si jyJLl 5 jj^Jl Ol jy^Jt dJLA jP AftJl A-^Jl f^ity 

.DNA-Jt u jjA^ *A£i c-^ j*\ 

dJL_> ju*j i4 jUSoi ji 3jj^ SojjJr^ oU jJUll jp ajj-Ji oIp%Ji AJ^br 

a* jbdl ojLa Cjw? j \ .JiJljjj ja X J^-iJl ^ a~J^ JJ-^ 1 iS^\ a5 

.DNA W y aJL^ JJ- JlJi a*JU? JIp J j-J?l jj ^ ^ a5 j^I 

u^j-Jj-i jjS^di JJ* jf ^ Jjo c^3 jli v/JLf /ip :(f 1955-1877) ^ ^' ^'jjjf *** 
-If— b /j J_Hji 5 j;L-jt ^AJi-i ^sTt 4iL ca^j *U«-S3t jjp 51 jj ^> U*l jj 

j-jSI \a^\j j** c^y\ ^ i^Uj vJlTj /Ip :( ? 1994-1901) ^jV **** 
.(iSjjS <£j\j> J^u) jyiis^ jJi^- J Jjji Sj^V urcJ' 3^j t*U«-£j! j^jU J IjJU s-UJUJl 

UUili j — jVt 4_jui> J 4i^ n Jys, ? 1954 fip tU^Jt J aJ Ji ji »ji> Jjf Ju 
^1963 f\— p ^*>L-_li J c ii& AJiilt uf t"3JLi«H jli e^-Ty jj-^j? J dLJ^'j tfUUtfj 

^ ^-1 Ob) «AJjjJt OlPljJl J?- J djjij SjjjJt ktJUty j X* 4d jd j3» 
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^^JLP J-Jl ^ £ jJ> >t ^JjU-l ^0*^ 4DNA-J1 3b> 

9 OjLJb 1 « ^Js< J^fl»tiUti db\d c^yft*-J Uj-sjU cJojjj dU-^T 

!UUJj UlAi ay 13 yiJl Jl Jliy^ ^ U j*j .DNA-Jl ja ^ 



4^1962 plP 4*l~iJl jf ^Jdl J J*ji ejrf> J* C*j-±>\j j dlijf jb- ***** 
,1 Oltj — - oUpUa—C 0 jits* pl958 fU- j£-> j*m U\3^3 Ijk jj-t IJLa 4> JL$it y 
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Seafloor Spreading 
f 1957 L^Li^VI 2ll^ 




— . — .. . 

■ 



m 



r 

I 



dJU J lAjj^fc ^ outfit J**si 




.j *J jlL_«Jl 14 $.br <3L-Jt lift J Ob^Saj l$iL*> U OU)| L-jUI UU ^jj AdJb- 

hi\ )\ Jjjlj* joA Harry Hess ^ SupJi jJiS cJij 4^1957 fl* ^^ty 

j^-^f Of di\ jj* *M cU^Jl ^ ^pJb .U03 13000 J^ju JaJil ^13 
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Ja-ii J feult U. S. S Cape Johnson d^Jyr^S if /~*S\ JUt 

3j j — p <^ju? ^ j-*^ J jf J^jJ *ij?%J\ jUj-» ^Jaj fjbfcuni .^1 945 ^Ip 

4 — »l^<» *1 if UUbij iLpr JaJ:l ^la* J*J Oy 9 ^ J* J K*^ 1 £^ 

J*P ^ frill J 5jj*J*ll 4^ill OUij^ll aJU jP JUjj U Jl^\ .4j^Ji 

j^-Jrb> > outfall ojla j^jfe <J^>j .UUjUj jj?r 6000-3000 

j j^^Ji jji 4 Arnold Guyot >Hi J jd lM*4j «Si ^uJi IcjiaJi 

<C-4* ii- OjJU 800 Jl ^ Ijj* J*pty J CJlT jijAJt Ob ^^Jb jfrjsW 
jLj ^ ^^-Jp Sjyr <.J^j 1JLa J <bU j OlS*j . Jbr ^lt jj^fe cJL*> 3 J 

cjijjjl J ^ 5iu 0 jJl* 100 Ubj^P OI^^up ^ fl956 fl* jji*Jl jf Ujlp 
jjU I JjuL Oyu J\Tt ^ J-^Slb CJlS* jj Jb 3 jil d ife J jL) *JjIai £P ^^Jfc jlfc 

ObL* C. m» UJLP Uajl 4j jkJl 0 ift jP j^-Jfc .iuiJl A^tk^a j^aJ ^ ji* 

.JbM l^ioP J-^iJ IC Oyu OS 0 j& Jf jQl jftP dl tej** 

sr *JU»^|1 V 1 * £tf ^ V 11 o ^ ^1957 fldi Jj ^Ji 

Of cr -A Js> JlT .d^UaPt U Uajt ^kj^i c-h jJt 4Pj-a Ob j I j^p OljUJl ywaj 

.OjO^- ^ ^ y-f hjoi jp 

^ ^Jfcty U jrili ^ ? 1957 a3 ^ M ^ 

\ «K j^Jb L^rjJj ibjl 03 Ja-il ^\3 0b OU?j^u3Jl dJUfc O^fef .U^^» Jij-^ 

^1 j — ^ Mid- Atlantic ridge ^^ifety Ja^j ^jsrjlt JyJi jp ijuu i5yi 
J^—Ji jp iJUu ^ y-Slt jJb luJl frJa^ lyu t <3*>Up Jib pij*- j^Ip AjtTj J j«uj 

^1 — (3 ^f^ll jj^waJi) Sjlf^aJl SOjO^I AsjJoj Lr -Jt .JaJil ia^ j 

dJL-fc UJLP . JaJ:! £t3 j^P LJbr j-i^Jj Lk^l OlPX^Jl J*^ UlP 
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.iL-» JT jt Jtj] jlJLifi iaJil ia^ja <£jUl «J jdl ata^l ^ 

4— i J—! jo ^JLJi Cijlt J fi-Ja-j ^alii JaJil ^yiJUsjt *2Loj>L» JjLa>- ^ > ( 
L_Soy^ i~JU JU-I US' -j^xiU UL yjj OjJH 
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****** 

The Nature of the Atmosphere 
fl960Li>Li*Vl4i^ 



; • - • - - Ed Lorcnz u%J >\ a* 

, ; * 



J*^ ^ <^J^ uA> ^ijt £^>J JP^jjJ <JJ^& (I 

jfi-jJl j 4jj-^yJl pkJt jilt 4j ^lai Jj.H-iTt IftJbu jS> CJ\ OJLft 

. JJL^U a*JLtis)l J^-iSb Llj ^ jiJi Jijlai ata-^b J-fcJty JU- 

0*tf 4|r -i& U f 1958 fU- j^l/Jlj djJrl ^ L* 0\T jSQJ jl^r &fa*\ 
1 -sr jJ j^alJ j-i»L*»U JL$*a ijbj tUapf JbO*U *1 ^Pjj oJU- 

J** ^ Ed Lorenz jujjJ a] Jj oijbjj o*>U- ^ ij^iS jjr c<u*Afc>j 
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. jyw ^^uJp .X?- JLP jl jl JjUasJl j^a 

jjUjt d jtfb yrU Of Jib 5 - j jU* jjaJiJ AjJ .^Oa c^j-^jdtla^^jijOj^AJ 

.<u-U( •iUj bbw OlT JLLp OI*U> 0? C»Uj ^b JjIa* ojuj^ aj# 5b( ^^Ip 

L^Uj ^ <^ ^i* ^ ^ ^ t fl934 fte vljjiijb UT a) U>lp 

J — ±Sj ^1938 fL_P OU^b^Jl J ifl jtjJ\£j\ folfi .ALjk I j3 JU* 

diJL. h Jj jujj! tiJiiJi Uuli v j-o .4s^i y aJL>£J a jl3 jU 4jwbr 

c5 jl y-t l \in in\\ ja Wjja 4P jJiab \ jzm 0? iJUft jjJ ^JUj 

.iS j-Jri ci^LjJJ v_JU_Jt j JjLJIj c^jUJl ^ <j! ^U?l cWil ^bjl 

tcr ikU 5 ^Usll :>0«3 c/^Ull 0JU> J jJcJl 

c -Jtoj IJL-jt 5jlaw o^^UircJlT jUJ .j;i«Jl j^of j&p dUi 01 aJuIi CJtsrtj 

.4jjlH j Li /i\ obUi ^ 

0^ Ij— lai .<J j«Jl j— jail LS^UjOJ^ O^ibdl jJaJ jujj) J jb- 

J^T 01—T .^U? j)l JjjJlj ^uJ-l ^kL^j jj-Ji ^Ip OlT aUp 
4 — it J j — * jJl ja jfujj) j^a ^ cAjUU Cijll ^ jd^Jl Ul^ 

30 Jl ^-Jlyj J 5 ^/ ^OJ 1 'f 1958 flP J 

.4_Jri yj\ A_Ja^< jjj^ A-SLaljUjl 0*i^Ull AlU*l# ^JjilJ (L>^iJ 0 jS dX^A 
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.4j j& *i j ajJoj i£yfi£ Oil ^^ikJii 
.4 — ?riji <u*J y^Tj jfvjjjJ c-*if jLs^i y> oi ^jsu 

S\ p Owlish f Uajf ) * j& Ulki d^JjJi ja VJj ji Olf ^^^kJ 13 
. J— a\_^j^t UJL^i g>Jl OliU^T^ J*pf U^i j (COS £ jjj^ iU&J 

>Lr iy b ^dU &JS\ i j^- JUb 

jj^ Jeff Goldblum f jMJ> c**- ^ r^j^ ^ ^ 

jf Jurassic Parks — h ^$ J Ian Malcolm f ^ 

J — Uajj ^ — £ ^31 hjaj i^ljJj ^bj fj&U ^A^j^rl 



piiill 4^ frUUJl 0t JL*i .iiJb^il SLjM j ^JUSl J~*bfc jsS&l J^jdl f jji* ^mJi Ji) * 
Otbr t(iJjSh UU\J iuia ^Ip bUseru Syblkj jJjJi j^i 4Jl^»l) Determinism 

l^JUiJ ^sJl £ v 4 toUl y\ j*Jb I jjST jJtsJ j»iaJl dJU Ob oTjxJ jojji OUtji 

^a.r— w J bJ* J^*i «^(» ^brj ^ ^Aid :^UJl J\±L1 ^yaj 3 yblkJ \ dJU ^ j£c 

^ j — Jl 4~JJj jP jj^J}\ ^ cjibSl' J*~\ Jj .J 1 ^' UM«LL» Jju AJliJl ^ i3lJb ^jiJ 
AJjL j ij_JL JlT UiJj .dJljJb e-J j3 ^xko jli^i JjtsJ 4i«P OlPU 4^9 y jt-aPlj 

^L_^- j^y^ tfrlj^ kjjj* 5 jbi»J jP Jip 4il» ttfLS^f j-4=Pl c^^' 3tt»j c-i iPj^ 

Mik dfrljj iTjU c±^t> ^ij j^^t jJUJl 01 ^1 ^ \4 XM .a Of j^pj 

? j-Jl iili J^_i^- ^-t^ UJbr J^i .i OlT buj tO^l .j^Jl J-sa» J JijJ ^ il-jfj 
OlT U . ? Uk3l Jjld Lit ^ jyJJ ^ ^itd aJUp J ^ ^JUl ^ aplkd ^ 
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Quarks 
f 1962 l^LI^VI^ 

I frUJUJl ^ UOju .5^ >dl f c^jf OLl! u3U( *UUJt Jl&£\ 

Syr J f J*J Cs\jjj&*i\ ftUJUJl gi,X-<\ 4jij-ijJl 0 jilt ^lk» J .OUj>ji-lj OljJUl 

.MSsfr^ lift Ik*- CJ JS* Jj .SdUl) J (t ^-Jr^ t 

(IL-p coOjyjJij oUjjjjJt J^b ilij s-0 fc ^ ,1\p Jj f 1962 ftp 

u>U_ *il 1J » ^ X& .jr O^Ltf aiUlj il^Jl d-^j lA ibT «tf *JbT 

*jj>d£s ^i3l U :JbU^t 2L*L*t ILl-Ai jiTf b\*r\ £ SjUr 5jk^ ^Ldb 

(lUl <£J jll <_>Lll cSjjS' cSjU CJLfi c j-i^P 0 j&\ J* jU-Jl JlJL^Jl Oju 

J*- ^L-J' ^ |I *it /Jbi cfrijjJi J| 45/iJu j^-j ?^Ult ^ ji-i tJjb frijj 

j2 — £• M3j)J ^JL^>w j lhi,7.,^ ^ftj t<Uji 4* diki! i^U* j^jm 4*4» yci jf > 
^ j i^fliJl OJUfc j^J 03 !d! ji Jik SjJw? ^jaj Ji^A 
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JlX \ jj*- ibjk lj& JaJLi jl .5iUU yutf>f UL C^jfc t 3 jJUl 

JLisf I ^1932 Jj .^bjjjjJlj oUjj^3)H :jiy-T ^ji dj* c*+*~*r 

^— )^ J lU jS&S c jjTjL-Ll ^ OU~*> J .AjjjJI OlOLaJt jP 

oU~JH jtj—j (f 4«bubble chamber as>\a£\ l Donald Glaser 
J«*a)l fcbl jJl 5 j^J-l dJLa J>b ciiS ^bib j * j-aJl 4Pj-> o jli? APj-J 4jji l> jJJl 
- ( Jl^ J j 1 diji) l) jj j jo OU^I dJLft C>»i>hi/»1 UJLP . jc*- jj*ui>t jUu a^jJUii 

j>o7 j ^1 .^Uosll ^> j^ jP iJUu ^jL^j jA j j*wa)l J AJfcUs* OlPlfli jP ji-j \ J\ 
jj OlPliiJl jtiT 4jjj I ^#£1 j tlili 0£ OU~Jrt Ajjj *UJUJl 

4 j ji J jJ ll olw £-1 dJ — a 4JbU j jj^- ^Lp \ jjjJb f. .(liU Id jj** 

oiJ .f 1929 fte j3\iu J Murry Gell-Mann - J^p c?j^ 

J Jlj_i ^ j_Aj 4~-fj J 4^t^ ^OPl J^- tjilS t)\f cj^ dj^jto ^Uk 

.^tj — Jt OliL^a J y^P AJliii j^J pJb ja ^Lp jld AJuLJt j-ftP Jj 4d j^P ja AilbJl 
cjL^- 2uf JLp .2bwlJr! Ot jOi j» A^JJl AjjJL3 c4^oliii ^ju 

jP ^Ik&^l dib- Obji ^iPj 44m. jJil J fe-i J\ jCOP j^waJi ^ JU - J^p 
.4JLP l^lCl AJ jf^» ^j cAajjU^ fj-»jj djijlfi Jl*^ U Ij^U J\T 

J — ^ j^J Jsi J AiMiiji 4J jf^u *Urfjt 0U — J-;P JJ. ctJLft 

^Js> j£ jA\ jj cjijJUJlj 4ajIj)I j^jju ja cilj-ib J-*P d*-?-) Ojij—Jjij 
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j— $3 j c^cr JT a*j->j coUl tAJ^j^J^ i^iJl i^st^\ IjjJij £>f tUUiJ APliiJl 
L-fi-l 3-Jlll ojli U iilJU olS* 1958 ^ J>U .5^uJ-\ Ai> ja JU^ ciytJl Oj^ 

^ jit? jl UJ OU~Jr-t oJUb ^ jpiu* t\A&\ \Js> j^\3 Ail JU -J-P iJ 

flJU &{j Je \j£ iVL>lzAj Ak Jt ,..> ijuialt oL ^jsdl JLod .AiuiaAl A^Uty ^jbliil 

Akf^i «2ui j*Jl» j\ strangeness a^rM t^jj^r ULiu <J^b*i-»i UT cJjJjjJi JhUil 
jrut j a] a* £\> j^p Jplity oJLa ja hL&> OJj cjb- AjJ ^ .U^W j! OU^Jrl 

J- — ^ ^ kworks ? jaj k-works cOUj^jJtj oUjSjjJ^ J>b 

James Joyce ^j—* Lr ^r JJ ^ J*-J j j*j .jUa^t 
- J,p ^ c«^J^ jJr^ ^ jJaS 4j%*» jt «three quarks» SjLp aJ ^Ti 

down J^— >Stj up cAi- ^ijii ^ iijij^li .4jij£Ji^u y^i oU^ 

cilty .bottom top strange s^j^bch 31 * 111 j^^-J'j 
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Finnegans ti\ JT d- — »» jj J «!£)jU yuA oiTji jT ^ 

!?*\M <y Ujili dJUb dLip o y J* .«Wake 



<J j — Ui a, .^ly- 1 feU ^ajaj cgJuons oli jUJt ^Ji OU.^ lfja*a iJjt j£Jl Jut jrf 
<^JLJi anti-quark «U*» iijl .$.13 jj jt *i j( $.1 UJ -(4$£Jl jt iJ jJUi JL^JJl) 

tO j & ^ 6jA> ^lalbj (JtxJ ^jJ JaUJ Js> h\s^\ ja) jl jaS-»U Ul jjt jjJua 

Oil JJ Ja fl£j Ol jJJl c£ jJ SiJUsll 4^JpLjuj^3i i^cJJl ^ lyiite? j5Jl 0 jSJt>> 

.1 — «ji oiUa* <U3^ ij tJ-^Aw iijt JU- J j-^-I J-*tu*j c3 ji iJtfU ^rj* .Ui jr- jj ULT 
j=U -meson 0 jjib (iUali iiijj^li - i)i jj&i) ioa ^s* 

j***-* j*^ 1 4^ J^ X' ouKJl 20* ^ quark iJjijf iUT ^ ** 

) 4sjljj dL*- J o*U*s t^iJl ^kiUl l$»U>i£->l ja 

oJL-i jo„ft all jkill ^1 OOjaJI Cj yfi Jj 0jU»l (^) lit ^JajJl Jji .(0U~i 
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Quasars and Pulsars 
fl967 jl963 JjL££V1 ii« 

Allan Rex Sandage g^ut — - O^T i ft^-cti 
Jocelyn Bell J~-j jU. — * y- 3 Antony Hewish J>y-^> iij-^'j 

\ i , - , • , , . , ., ' ■, - : ' 

OLJUJJ jJUaJj it> yi* A^liSo j 4*>^£ li jT .ibUlJ (ijl^- J^j JJU ffr j* tJj*br 
s-Uai!l Jl tULJi 5^ O^Ipj Cju* jt Jill J Oljl jl ;4Jj-^J ^Ji^J 

Allan Rex ^aju o^T ^u^h ^^UJ» ^ c ? 1960 fl* dby- J 

"^otT ,. a I jj jJoJu ^lia .^jf litTj ojj A^jiii ^ yr^i 3JL*L> Sandage 

.f till t j-iaJl Js **^! kji^j J^l CJlT jJ UJ tSjJ ^Jp'j ^ fi^Js 

quasi-stellar 4^-*uJi ^U-^-^i ao* ^-uu jltf y-ty f j^J^ ^ 
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quasi- SjW- T *s±\ UJU^j? u<hyj\j jiUa^» jf radio sources 

jS*» quasar Jj stellar 

Maarten c— £ jjjL^i j_I jli — J jk\ Jkj*H\ j g*ut- d j*l 
l— a lij ui£ j ^UT i$Jp Jydi UJali J» jkiM at \ Schmidt 

O Cj ^S5t— oJt J j fill <£&\ jw? c^LsPl JiLio c^JL^ LiLk Js> jk^xT C~^t3 

^ ^Lji Ob-bjjl) .^jll tfOU (A* 5 ^j 5 *) 

olj_Jr! jL-j ^1963 flp Obftl jji ? ^bji (*L* J*)Up ^Ujil 

Ujt 15^ JlT JifljJl fj*cIJ ^adl ^j^aJl ^JaS (jjtf aJL~* dUU tO^I 

c^Jt 01 ^ri J^iS* jjjj Jj* j$i - £-»LiJi jjlJi dJi Js> a^ij A<~Jb 

.0 j — «l AiL**- J SJUu 3 j# t>( Jb ^ jljl jS* JS' C-JT'j £*JbLu 

.0 y C-*Jj 4^1 ^ iLT Jj dUi jLii JLaJ ,4l^ba {jf- & (CJlPbJl j 

^1 o^llt cjiT liL ^1 ^1967 ft* ^ l^y i>J oijiji jS3i 

f Ujb^J (si) jiT^i j f UjrSt J! JbM J cJ j«4 cUlUt *b j-Jl o jSdb Jx^ 

^jsif ^ j^lT A<wbi dLUJl ^Ip 1 c(f 1967 jslji/j^) fUJi oli J 

^ Ji^ 1 J t*^ 4,5 ^-Ui: Antony Hewish J> j** 

a — ftlill oJ ft C — ilT .^Uailt bljj ^^ail ja Ajjj^I ^Jl Obi ^sJl OtiUJl ^aij cixi 
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C— i\S* .^j — j JT J jjl* <>* fJJ 4^ jUj U ^jOl jit o jSLJLJl 

Ji£ jp aJjJ^o Jocelyn Bell yr WUlt out jjJi J *Jit j J>j»* oj^i^a 

f L* ?4 £_J 43 jjll ^ 4>- J* jW-l Ojlflj CJl^J c^jkia^It 43jjJt dJUfe 

Js£jl <pLsPl j^P Uai J-j cJa^V ceJjSLJUJb J^jJl *Jj j» JOf* Jju 

.L^S i j^all Wjsll ^Jj J*j U\j 1,2 jfe 

.Idji^^Ji ^Oj 4<3*)Up jb^ii! jJ^ Jj U cJ^toJl y JU&J JT 
j_J .ijjjjJ ff- jA OjJU i^LsP^ d.illl 43liT ^Tf ^ U 

^^—^3 Jjf OjSL) JSijjA Uij tf 1974 f Ip J<> 5>V ^ i^L* y: <^>jr <.jA <£i Ug^ * 
cdLJi j^l jSl 3 AJU-iJ ^Ui y-1 tjjj J*Jij 01 ^ Oj^U 260 -J jSi ** 
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* * * 

j—* djuil *j^aJt J^P b 1 jiS*f 

yi^_P Stt» . j^jSU Jj^jU aJj^ iuw OjJb 13 ^1 jlji j&l 
Ujl* iu* OjJb 13 JJ Up UO*-j[ JtfljJl f*Jl Olf ^Ji ^ aJj^? iLw OjJb 
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Complete Evolution 
^1967 L^Li^Vi: 



— —— — , , , ... _ : — — ___ ... — v^;t -, 




p( U JlP^ .^Uty frli - jy«Ji £\JS 3 ji J Jj^j <<>*>Ji / ^ 
j — ijjb A — i Jqj ^Js> JjUjuII C*~jj UL~£j ja Jji ^^J jPjU jj CJlT 

t(l JUJi J tibsPl JL*S» J J*pty OU* yJl j C*b£Jl 

^jij^ Lynn Margulis ^ cs>j*j ^1938 ^Ip ^ 

jPlSLi Ajwbr cJ>0 j clgJ jit ^j-^Jl 3 j>*\\j C~pS .30s>JJ Ol/tf jJb jPlSLi 
.jjkJl j 451 jjJl iJLA .3 jJLP 4ju^)I j^P J JtjJ *i ^ftj 

j*>j-^ .«jjUJI» ^JU - *Jl£jLo £o ^UT J Olf jjkJt jjjjb »1$P 

ol— AsftM L^S Jais^l ^1 «L jJb» * * ^ DNA J jj»UsJl jt ^ULJl 
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.DNA -JJ JJi jjJi o jLti\ ja hlf u 

J^- U j*J iJLft j*J y-jU C*iA)( t4~$ll lijw^a Cij J Jj*- 

jj kj OiL-i J 2LJ1 * 5 jcJw? Ol yak ^PJb jJLtf> OlA^J c^l JL^ |i 31 . jjl jjl JpJ\ 

I S .4— i.l<J 2L_jCjUIj^ a>-Uu oUOAif j£l j c j^u^ C-jtf t^kj ^JL£ 

(OL-p ji jf) auif -symbiosis iS jkteJi f ^y > c* jf> 

CJj£ OULi .JUsP^I J^Lw Jbr^jw JLjJl IjfcsM j^PjJ aJj^I ill^l 

0— So { <.<Jj*r %}*Jd\ O .Ajj~- \J* j L/^r JiAp Ulj y^l 0 J*jA\ ja 

4*iS <S —SS> IfJbli Jl^sH dJbJLsr 4J jUj L^jU; Ol3**P cl^tJ 0JL>-» J=i» 

— i *\ & (1) :<j£jSM A^r j ^ *Ji** dtp- jjky CJ^r 1 ^ jJ-l JijUJl A^ut 

OL-ij^ j o ^j&aj C-Jil3 .(C^Tjj*L*») A^U U^sSoj 5jt ^-1 Jib AJIJb b ^sSo 

Jj A_jM jjjl Sddf uxJ ^» ^JaH> l»Lll jTl >l (2) C-TjjiLJJ iUUVi 

J JbljJb J&^Sjty fjb UX^) J^Sj^i Aijb- (3) ^*^b JbOJrl J 
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2_Jb b^ (4) ^^aiU &t~Sj*l J-oUll JLtell jUl jJl£)t lift fli JjoM .(jA-l 

OL-JUll j c IbJaJl OlT 4*0^1 Ot jk^l ji ^Ub^l iJL» jP £?bJl j-^aJJ 

ISJbM 

CJjjk? JLd jjUl jp- j Ob ^kijJl j Obi j ObUJl b*>U Ol j-J jPjU o ^fef 

CD 

.Ubjjkj 5 J fUSl j£ 4~*ll £t jity ^OaJ 

dLi» J&ja dj*pr^ jJl j£) 4^1967 fl* jjUl I^Lp j*J ^PjU O jJD 
jbji U 4 14 DNA— It dJUbi *ij£J\ b^l ^ J bjju jTj^ai Of gJ- 
iJL^b jLJf .J_ftl <Jjf ^UJUI jP **b Aij-iJl b>M Ajl 

jjJUrl Ob ^k3 4j iJiubCf ObrUJUl J^kL Jfc^tf ObU jJ^P JS" j^a 

V* >^ oi j^s-ja obi jJ-\ j jJ^Js dLb: .k^sll ja U> L-jUS SJIjLp y £-pj ^\ 

^UDt j^ai j bud <■ • .ftAl jJ ji? js~J i£ jr\ I jJup OttflS* j jbcll bjss^Jl 
tcr J ^PjL^o ciUsTl 0 jJbj -^iwjJb jl j^lw^I JlP jJiJ j& i tUj^j .AlTb ^JUl 

.5JUi^a j%P jijjb 4j Jaj CJLJ 

Ji\ Sj—^i dL-JU* jl SuM» Ob Carl Sagan OIpu 

j_P UdJJ b £>' US' jbdl j Jajl jJb j^Jj t iJjUJl j ^jUslb 

.«>\S3b ^ ^^JflJt obWJI dUull jjkJi 




306 



Dark Matter 

£U_J>I tf I jf »^ ^ <S ^Jl <g j£l bill 9ai4uSV< ^ U 

Vera Rubin i> t ^st< ^ 

(OiJ C APj ^ (J ObU^- Ob US' c J js^JUIt *L3l j U 5JLjJ) 

oJ-J> a»itt^,i< JjUl J Ufelss- U Jb H JlT . jiJJ j jkdl jdS3b 

H Ibu US' .I^JIp iUaP^I 4i ^ 4JLis^ jf aJ\J-I <dbT jt J jS3i £jjb 

. jUjall \Jbfc J iUJi; 0 J ^bjJJi £j*Jl 

L-AaU 4 f y-l jf iUi^aTl U 4 JbJbr jlp- ^ j-» JJJj Iji (I 

dLJiJl ( « LaI Ajy>j5r jifty p-*biit - jjjJ jyljfl tk^ C~tf OJb f J^dJ 

4*»d! bill jijj £JJ*£\ cjjjJ *bjij OlJLaUdt JjiJt jy^isJ 4)jl^ J 

.4^*0 5^U jP 5jLp J iUT ^ %90 £)t* f^Jl J jJb j-iJl j J j^&i) 1 

J *9— *>SM ^ Vera Robin \ jJ cJUp 1970 fie J 

cKent Ford a>ji cu-S* ^£U)t ^ju jiT l^- . jkJiijj ^jjiT 

idlkiJ aJU-I oJLft J -U uiJaJ ObU A3jj AJaJa^Jl jj^Jl) Li> olkJa* ^ 
4 — LJ J dLJij (4^^ jsJl (JJaJt ^IJLwl Obi 0JL1JI f j^Jl Siiuit 

J \J*~\j Uaia^ cJL^i jJ i5lJbT ou^i jsil ^iUJl aJ J coU^ij 
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j_o 4 — *JlL of a jj_J j& U tjj cjiT .<df f jjt 

V JO> ^ 1970 f Ip >) jliT ja jtjJ*hj ^LJi hj J 

.iiijuT iWUJi a^fcdi u cotil UT of \Ju> jyuty ? 

^ J ^?U*Jl ^jflrj L5 -^> Of cJUxUi jSo: L h ji objSLJb aJa> j *lp 

^l—jji^l ^ £^Jl £>Jl*s .^Jb ^bjib jail ^bjj^l ^Jb .Jp fi\ 
c^L-jji^l illi j^T UJlT .y^f j£ I jJu* \g j£ CJy*p jXyJ i jL*Ji jjy ^oJ 
OL?-b jj\ JU*£-jI l^la! j) UJ i£ j Of jj CO! J p~ Jt-i CJlT UlT 

.Aj^lSJl Ot yfcl J f j?rdl APj^» ^li Jp jo C~i3 JbjJrt u3LkU j jJbjj 

APj^—Jl Ci" ^ 03 \Ju> jjJuSVJ 4jt 4dU-l f j*Jl Ot \ j& OJbr j 

^ , — -J b 4jii ya» 6 ^ jabjc jijj ci^i 4^ir y» 

iJb jjjl ^jryl ^^ti tl^lT 4Jit>l> l^ifi ^1 f js^Jl OlPj-» CJlT .5 j£ J^J 
t5 _Jp 4 jjiLJrt JJjuu d--^ AAj14 iJ y^J ^ j^Jl oJu» Jdio CJlT t^^Jr^ l^yu 

lilt «4*s*it 5^di» aJUp^I S^lll dOA CjtMj ^liJi jv^LJl ^jj^ j^jj 

UjUwjl aJLTj aUj^AJl J*aAl o^lll 2L^ jjjj .l^fl^J jf l^jj ^ 



308 



o j S3t ^ %90 ol o^r jJ c jjjJ o?y^ Jaiu 0 j&i ^Uii 

.*b j^. 5aU d j& of c-is 

.lift bajj jp- jiwJtJ IgjUL ^ jjjj AT 
4 o^Uii iiljPjJji 5jj^? i?tis)l UUJl cJ jb- i^LIj^ JjLo^ — ^ 

jj 0 g» ROSAT ^UoJl ja ij j^LJl 2L^Ji JuAty 

01 j_yJl ^^-iP 3jj^a_Jl ^^_jb c4-*UaJ1 jUiSh c£j^f 

http://heasarc.gsfc.nasa.gov/docs/rosat/gallery/display/da 
rkmatter.html 

.ittsull Jj! flJLa o j& of j& 



jUll %3,6 feu %23 cioaw ailb %73 :<^sllf 0 jfll c-^y iUall ^UU jJUj * 
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The Nature of Dinosaurs 
fl976 uiLitfyiajL* 




CJIS* ooa .j^j^ j^i ob jtT tij-^Ji JU- ^ jJi; jl 5^>U t j^j yli j 

* O — J-J jj-Ul j^jsil Jjt JlT US' .AiL-> jj cA-fi tAJUj^a cAijio 

Jurassic f)L-i\ j_ * - ^ jJl i$JLp cj\ jj^bjjl cSjj ^ jj-*Jt j /oi jj^UoJi 

.JU&lj 

Archaeopteryx jJl&t j^cw JUi'i Ji ^L-Vu ij* o^ili oi jiUdi j&\ /js * 
j^tff ^ J JJs yi f luafj J^j dilwi tfJUlj 1860 f IP UVl( o *o^ 4 Sjl**JU jJtf* J 
JS-^ Sj^jJ' V jJ .Jtjjt ^ OjjU cJt*j i jlHl ^ ^ Utu-f t^i> (sJaP *0SLft 

j»— »1 C— £ w j*s — ^it ^5— ^ jSP ^\ 6 jyUalt otjj-^bujl iL'lP ^ s jJl&l iJLa 

J iiLJij i>uytft Js> jtif ^ Jjt J\T jj ^UJl Jf JL* .Compsognathus 

l! ^ — lap JjL**f dJbrj j( J--** ^JUt < r *ij^ < J*^ ^ OL^^I ^0^1 

|i liP t jSllaJi f*U <Ul^)l fr UJts .oU-Ji yUb ^ JLp ir iuc i JlT Uuj t j^bJj 

lj — ft astragalus J— ?-l£Jl (JaP ^^UiU iild . jj^bui! Ju Ji-»f ^Jou ojjii 
.^r -oijj-^baJtj jjJali 43!Ap JLp J^ai-»^ ia^ 
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i-J^i d±> J Robert Bakker jA cjj jj dl* ^JJt 4b Llap uUi oiT 
friiti o jCJi i^fy; ^jf u: jj^boJi JS*u J* $, j-aJt ^ ^ 

Jp j^t C**£*- 03 Ol5 jUit oJlA 01 O^j jj Jb Ja£- c43 jJtll ftfaaJl dJLL <Uo*i5 
t^u-*- J My^Sj c^jb ^ oli ciL* 0j& Of U> j£c V Oj*U 165 jo* ll 
j& jl j! Uyf Cj£ 03 Otjj^lyOJl CJl£l .US SaJ- OUOJ dUt* CJlT 

,L>Uf IfJUadf 5jjU)1 ^ 

flOJL* !l 5 j— &)l Of Ol -jJ $.1 jj - flJb- jJ -jjTb O^j jj jikil Uft 

:4r,„ft 3 5 jj U OUjUil jiUa* 4*ujf J] jcTb Ur .fWdb i&b* Oljj^?ba]l 

j— Tj^it jtb> L(hAA\ ^IjiSU ItiUsU *»j*rty j£*j ^ Ujli«) Ojtflt ju^l 

j * J^i U JS*) Ol j^cJJ ^^Tl jJl J*~Jl c(OUI jJ-t JLju d*-^) ij\ jJ~\ 

.(4*~J ^jJl A3*>U) kJl ^JLp j c(4jjj^?LO J^Lft j ^UaP 

tOLjJL-iJl ftfaP Ob \J>*te~ ^±rj L»! jOJl Ol j^ d>*>ti j^Tb ^^aS 

j^Jb ^Ip - j*Jl OIaU- 3 yLi* j L j^jjl Lp j^b cOl jj^?LaJt ^llaP CulT UT 

Jl£ c-ilp 03 j-^J j oijj^b^ oO o^-j t^jUt fOJt ci^ijjJi 

J^i A^J\ ^JaJl ^ ji t ! j^l j . j^jJI ^ f oh 5i jUl j j)l j^UsJ jl C*-?- 
d jli Jj iuj JS"b cJli' jU-i ^oJi oli <Li jadll u^l joJl Ob o*r jj aJUJlIi l^jyfj 
t O! j**dJ Jj^ 2Lil j.i J^U ja.U^S ^ j£\ lijj Jkj Ji3 tiU^f 

4_jsJ| (t Ja^Jt J jL-P^I Jl 3 - jiflll OUI jJ-l i^J Ob j^Tb Ja^V 

. jb- ^ Oli Ob! jj- ^Jl ^ikdJ £3js* jA U Jilkf CJlT Ajjj^jUjOJI 

jTufj c^-Ji UilOPl clfalliud .OiJ c jb- ^ Oli CJlT Oljj^?Lj0Jl 01 0j V 

.^Ui JU^ UJ* cJi IfJLfP 

J — .1^ sTj?- iib ^iaj JLJI L^jJ Ujlia l4JUJJ^\ OUI j^ jjTb ^j^ 

cOI j_j^ ^^-$3 A-^Jb 4A> jJb ^ JiLJl OlT oLS' ?0I j^ Ji3 Ob^it iuJb 
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tejjj~\ out jJm old JlJi ^2P 4ibT j J^Jj j j^Tb 0jl3 

(JA—jcj *i \joj*> \ jAP jk^b l^U^J <y J* 1 * 5 g?^ dii> C—J -i^aTl J\ ObjOilJ 

id ^LiJb Ifrlip ^oj j! J y-ty j ^SUsU j J>SU J&w ^ it jj SJai CJtf 
J— S\Al j « Ja_J3 JJiJl 6b Ja^ j JUJUr j* Ol j^sll Jj jSl ^ j 

Oil .Ujliw? *tjj!j ijJUJj 4jU£ tSj^t Ujj^ J Lbr 4i3j* CJIS* Jb ^ Oljj^LuJt 

.dJLjr ^t Obj Ot jj^boJl CJlS* 

LJlfc Jtj j V tftiUsfl jftTb j-SJj 4*0*11 j^Uty C^?y ttJUS 

Jl <lt j_Jrl c^y-f 4^> J jj-i^ Cwail j£J jl3 jU 4**l£ Q*Jt OU jOJU 

o jUt uj^p Jj t j^Tb oi*b \jA jaJUasti o* Jj: ^ jJoJi JJb^J^j obUU 
4_J*>UjJi Brontosaurus ^jjj^ j^jjJi c^v^t :2Laj>b <JjLo*» 

^jjj—^jUiTj tBrachiosaurus ^jjj^j^^ tApatosaurus ^jjj^j 7 ^ 1 
^ ^ Ji^r Of Ju» Oj-U 80 ^pj u*u* JuJri Jtj ^1 .Camarasaurus 
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Planets Exist Around Other Stars 
f!995 uiLSuSVlii^ 




Didier )jk/ Mic 

Blllllpfll 




$ u «ft«tt 2LjU) i >ui> JaLiJSVi iJLfc juu »iU 

ju Jlw ?UJb* jl j£ Ja :4j^J1 CO jlj ^ ik-»ty ^lapt Jb-f £>lT liUa) 

5L-J-I <J jj> p*Jo (S s-Tl ijsrj ?5LJ-1 ^ij^t jijj Of jSCfi j& 

p A ^3 cju^UU i~Jb £)b iS p& t j^siu 

.UjAyr 1 ja-tf o j£Jt J L*3ji UTlj^J UjJp ja lX*A\ 

Anaximander jJU Uj . n- . f ut (lull otf c^Ui JJ ^uJi oyJt J 

Jjo I j^iib jl y^i i\j?r 4-£j 4^^Jl JJ l3j*- <ub*- ^ j^j jjbjjj*- 

JL* diUJtj f (1\p si j^u-tj f 1942 f Ip Michel Mayor jj*u J^jl,* oJ j 
a-TjT Jj Antonie Duquennoy <s yi j?3* 3 jsj! ^ .djUfe( 4^ yu 
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h\jt> 4jUx **Ji ^ ijfti cJlT j^Jl I Jbr 3 jJUtf» cu-Tt ^ Lbr 
4— ijj ^ — Ip ob jSLJUl jOiJ ^ :5Jl£j^ 0 jiU> 0 ja^UJl OlT t Jb>- h\ ^ 

.(^ fji jl) juT ^jn^Jl 3j3 AfU ^^dl & j*~ <J 

j^U3j ^bjil JU*Uob jtijsJl Oji^ f-frU-fr ^ J) jJ^I j£*-Jl J^to U^J 

•j^ 1 0* ^/ JOl JLJU 

^tji^fi jp vL^JJ a~*>Uj- jiTf lojjbr liUw ijjk j Didier Queloz *^ 
*>bM LJii -U/^ 13 y^Ai iPj-JU oi jvAJ j*\J Js> »j^\3 U^Lka OtT .LJl 

.u^jT jp c^tJU ojSLJb ^Ip cijJi 4*3 

*" * * 

U ^iji ^aii J %>f tlrf y U^- 142 ijs- U ^ A |i k « jjkj^J jS 5 ^' J j* tji^ 
t fl995 f»L_f (^.Ly) ^jliJt OjilT J Ji* p-** iyrj J* ^ 

J-tj o^ijji ^1 ^i) Peg-51 cJ^ij ^ ^Ip jjLjT ^ c*3j 

.Ujj 4,2 bai^-j UUI jsaI Jil Oil .(^ j^Uj ap J 
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4jjlP ailUP ^1 c-Tl Obo y OjJ^ (f cf2005 ft* J^l* 

5 yLJ OljU « i&lJlIl hy%^\ < r £\ Jaw ^jlkiJt J j*- ^^-J 

J jjJLi J^UaJ Of 0 *La*Jl J 4jjUI v-jfl Jaw jp- j Jj c^-ikll 
oi ft ^Js> d\A y> uiU^Tl <J j£j j^LjTj jjjU ^^Sa^- C 5JL*- j C ~J O-jTUib J? ji\ 

iJLft Jj 45jJli-1 OlSU^T^i jwJ j) 3L*JJ JjL*o» jIJJTj AsaJaj byt-^ c^jT 

!*U0^ jJ bj# J 5tJ~l ^ j^ti u-Tjf 300000 0 4^-d\3 t (JUs^l 



x375 iffk o j&i 0£ obLJ-i aJti UJ* .S^s jjJL 125 — j Oj&i J oi^i :>op ^Urj jO* * 

!f ar jil -! jft I ^ SUM ^y^'yAyiff 14 10 
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Accelerating Universe 
fl998 csL^VI 



0*a*«l*v»n++ . -! . t .1 .. ft. -«L 

__ _ 




jsll J*>U ^Ip lift frlkl ijiUrt j** f Uf 
f 1998 fL-P uiUsT^nJub «^JUJi *JL*» Journal of Science cjL*j.oj£i 

^iL-i j^jJbr *Ui*Ji ^ .^1926 fl* ^>U* 0j£Jl of JjU jjjJUJ ^.i^l 
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j^A J j\ — - J*p t f 1 986 f ip *UjJJi J Ph.D— h Sdi*& J* aJ a* 
^r- ^ ij— tyj^Jl ^Jj^ u-'^J ^J 51 lHUJ* 

.ftl.ft all J \Atj> j£H\ fU*-Sh UjT ^Ip Lua I3^j-JLJ pAjL^M OlS" .l^yj 

iJLft ja &yy j~J\ OL Afan\\ jaj t*. j^aJl ja 2ljS la ^y &yy j~*S\b 
.jftslju iuljjj vt-iy l^Lcr U Uft .L^yaS JijJl ^^jb Jpj> y ^yS\ 

c3 ydJ jAjj j> ^ 1997 J) 1987 ^ jaCj\j^ ^ y> J* 

ja <J jJty Ot j-^P 4*^3 i£ .If* ^bJi ft j-ia)l J-L*J j dJUJl Ol Myy yJ\ 

. Ia tiyy >Ji ^ <^p oi yti 
jp ujju ijb*J \iul ^Laj * \5 Ja ^yj.y ^ J 

*ty ^Uj3^^ Ui? j-tf c(Uj O jjf CJlT UiT tUUl JL5»f CJlT UiT) 

iJj ?tjj U p£ OlS" tij . jL Ob-Ujii f*L* jJLp JU*u A_Jtf - 13^ j^Jl ft j^aJ 

OlT jJj .Jjjty *>U3 <Uj) tJy^j kiga^ *UP jiUoll ftj-^Jl 013 tj*>j^ oLA> 
\±A .j&v j£ jJ IUh 4-* yUall ft j^aJl 0\3 d*Uu «iJj«i 

jSl i\kyyyJi yt-ty £kj>W u*M 4>* -f^ 1 ^J- Uj^ cX?* 

JP *P j-» OU- JA jAjJ 

t b-Ujil <w~~i 0? J^'jJ .i!LJH ja c^jwJi ftji-l jji 0^1 Ob- 

j»J!U-Ji 4-_T A^usi CJ\T ft! ^ CJb-bjil <U*\3 U 0L C«Si 01 jcdju OlT J 
^i^jtj ft jiaw ^ya^ Of jUlJ j^i: Ai^ ^Jj tj^jSh jP JjUy UO^- j 

jiUalt ft j-^Jl 0j! o jJtf 0? If^i: ^l3rj 2LJ a^c^ ol ytl 01 UT tAijL 
j^Ufl 4 hLpj \yJz~»jj \j*&xJbj \ ydSas^j 01 <Uj j3j jcijy ^lp OlT .^3^i^> j-Jl jP 

J>*UJ AP^Jt j JUJt JP A3 jy> OUU ^03 julju Olf 4^1998 flP Ji» S jft^t J 

j^ 1 ^ Jfi^* ^^-H ^ f** C-*^ .ftU-Jl jsP 5 la I3ji^j-J» 
3 — Lto» 0 Of OS j£\ oJLA j^il jftP 01 jruJ a^Uj jr ili jciju ^ u^u*il 
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!30j»I jio APj-j bi^ t)( cOi) it) j&b ^ .ibUJ 

(f 2000 f l^p Michael Turner ^ jy J&> JJ « *b j~Ji jf a^dt tflkJ i» 

^jiajy J j&) ^ yJl tji j 0*Ubr 4jPUtf» jUit JUw-^b dlJij aJUaJb) 

.frUaiJl V**Vj J-*( Jj^ JUJ^I Ob^ki ijlsT uiUaT^ lift -La~- t^UJl 

c .-, — « *~>\^ Jfijti f2007 fl* «jUJI f ^jJrt cJafiJl J 

J>—*r\ _p U £J3r Jyi uiUsT^t ULa J? lilt? cj j&\ £jUj 
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Human Genome 
f2003 cili^Vlli 



i&f DNA-J yt jjJt 3 >jsJi aki> j^a. ^ j tauusvi i jla u 

JUUtf 

J, j—Mji ^jT. j^rj James Watson 0 j~J?ij wr ^-sr ?^fiusa» (>• 

■'■•''*•• : • , . — : Craig Venter 



$o*fr«tt liUt u&LUSYl 1 jl* Jbu lilt 

j5L_T Jj 4^xil 4jaJl jj^ £rji ^jS\ jtf .<u!p 4fc3lilj aLJlXj ^\ *U 
aJ^-I <ur jj 4jLT ^44} b-bla jcm i yjJl dll? did 0? dLi cJii^j Jj»1^» ^ 

3^li jouj UT .tfjl jaLl ^1 ^» j AJIjjll V J jbi} 
dUJL-j tflk* ^1865 fU. ajMjjJi f j^Lp Ja.^ jj*^ ^ jL^Jl ^Jl 
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.5 y 20000 ^J* i j*~p j kbw? i/^Js* ^jj^ i$t J 

iLJikU o^ai obU jJi J Charles De Lisi & jIjUj ^ 
fL_* dLJij ^jlTJUIt ^jj-iii 1JL4 *o*U o^j^Jl J/b DOE 

jij-S^J NIH M> jJi JjfcUil aikJi t? 1990 flp Jjl* .f 1987 

— *\ .IHGSC 4 j-SJt f>JH J~JLJ ^bJl (J^l ^1 lJuJor 4alV,« 
\ — «Ip jJ^p a~*> j^ 1 c/i-r* (DNA-JJ AdLlsTu j^-iJt) j 

100000 J*tff&4 r~>\ DNA-Jt ot 40^ «.UJUI1 oiapf 
ig:n «■* dL-Us? tDNA-JU ^Ji u " ! j-*-^ ^ioj Uj-j^j^ 23 J^- 

4 CJlS" tfl990 flP 5^ jar jll iuiJl JU«~Ai .^J-l J CJlT 

.bu> Oijjs^li £-3r 14 CJtlk^l 

<*JU IHGSC-Jb ^UJUJi ^ a^j^ .aJUAdi obr j^jli J^Us i^j 

j_a 4_UL5Jl «OUUa_flJl» d — b <Jfi£ji£ f >JH iolP d^kj y j5 

IHGSC it ^L- Up OjJrij . ? 1994 ^ J^U Jj^» ^ ^1 Uu* ^1 

s.1 — Up jL^-I .(j ji* — Jl ^ j — Jrl — Lp J^jJ^ aJjU JJ ^ gu<S? AJu 
^.co// <(fl910 flp ^ JS^j a^jjJJ) A^UJi A^bi ^ajjJu IHGSC-Jt 
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ja Ob.ju t Jl Jto/irS .Ak^j! 4-kjM OlJUJlSl j c jjM 0 j*P <.(tijjA.\ h yi\ U jt^Jt) 
jSii ja\ JJ& .4A> Jai\ dJLft jj jjl jjljj ^ cjb- ib( ^J* 

oi ^_m» 0 i jiiT frULJi (kwaJi juuc ^^Jrt lJ ^It) J. Craig Venter 
o^Lm LJl dJUb JU-u j j^^j f 0*3? 3^^ cr* 5<5JL * <u1p OjjJjL 

aJp jJjL U j£o ^LdlJ i^b?- a5" jJj JSCij ^ ^ua^> jP 

j-^aJ f JU* 1998 flp J IHGSC— Ji ^ aaJL^ J J— J — ?j s^V ^ 

i3li jl—T cby^ .^j-iJl fj~*iJ J^l£jl J^JLdJ ^Uoa? j^aJ t^X^Jl d^yj 
.(^jufi 300 — » Jf 500) iP^ka 150000 SU-» ^^Jrt 

iSj^ 28000 J] 25000 0 j^k yiJl oL 1j0*-j ^UliJl ^ Ja Of ciJU^J 

J — jJjJt cils^ j-iJt jjjl J^JLJl oLj cw» fi\ 100000 ^ jj5) 
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^^JL^JLJ ^ %99,9-! O/jUsi yUl Oi f yJr\ h\ J 14 c-atf J\ sr 5 ^ 1 ^ * 

— S^t J 5 %99,9 %S jj u-Ji >b Ua Ja <J*»^» ^ %0,1 
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1 f&J £*U< 

gr a«Jt tWi uu» uiiuusvt 

1520 Ji&v&ji/' fj.\^*i>fi\ 

1609 ji 4J JLT ui'i j£U aJLS^i oljUdl 

1610 j±}\* i{ JJ\fi ijUil ^y-t vTijT dike 

1750 fg Jt J-ij>* 

1916 JjlT cOjLUjJjlii ij-i^^' 
1971 j^p. 

1926 ^jy c JjU J.Us!J0j£Jt 

1963 O'iTcgOiU j'j'j^ 1 

1967 Ctlj-jT 4 Js« j»jUl( ^1 
1967 ^1 
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1672 
1750 



1970 »>S)UJ 

1995 yjeU 
1995 

1998 j jLj ^ 



1662 o^jj ij^ 

1806 ^ ^ 

1811 jiJut^jiiTjil 

1859 ^y.Jj^j'ji 

1859 Ojtjj iJtyf-jS 

1880 t^jsc^ ccaJjlm 

1 9 ^1 Jut J <£j* ^JJ? 

1907 ^ 

1913 dbjjjji t^ij-. 



.f. J 260 
1598 

1640 

1666 



'JO* 3 



AjjJJ! JJ^aJl jjit jail 
frt jit Jaiw? 
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1687 






1752 






1789 




aid! W 


1790 






1800 






1801 






1802 






1820 






1843 


'JjT 




1847 






1848 






1864 






1895 






1905 






1905 






1911 






1913 






1925 






1927 




a^ut fju 


1928 






1929 
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1932 t <ii,jauj i»jjJj~Jl 

1937 ^jLfttijlSjj i»j5Jl8jflJl 

1939 jJ^> <£»Jl jlkStffi 

1939 4 ou 

1947 Ojsr cjjJjU J-^>^» a^iJl jji-ijiljiJl 

1948 ijlT 4 c)jiU jJbdt cAj*; 

1951 jilA t 4s-J <£»Jl ^Utfilt 

1951 OuJijji-. 

1962 cOU-J^ iijijfli 

1983 ^j^'^Jj SjLaJaJlSyJl 

1770 gjtf-l jU 

1814 Jji .^i^cJ^ 

1792 ^^rtJjsi ( 4r ayi jJb) a^yalt 

1837 ijr*& **-^ ( jj-^*Ji 

1920 &jL> l jizjj&%> 

1902 ^jj^j . jj t0jJj ^ y-i J^UJi oU> 

1911 tJjj ^JUaJl ijk* 

1914 u^'v 1 
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1915 j^jt 

1935 jj\ 

1957 tcr *j* 

I960 >j tX)J i 

1665 o^jjciijA 
1669 

1680 OldOja? c d#*J 

1735 Jjtf .j-jj 

1779 d\iLj*ji#Ju\ 

1824 pgjcontfji 

1824 Oji^cJ-aiU 

1856 trolc^-V 

1870 jljUJcO^j} 

1882 jjjij c ^ji 



1898 <£M* 'j^LijjUbj 

1 898 ^ ^jjU cdL^ jc^yj 

1933 
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jUhJI JUp? J SUM 



1952 
1976 



5U-1 Jj^l 



igjMull jsJjjSuJI jj^lajJI 

1543 ^UjOil ta 4Ljli ^yUl^u^! 

1858 jJ^ 4(X jjb ^jJ-i jjWi 

1865 jjiujPcJjUo WjjJi 

1 898 J t IJUj bjAi jf jadt 

1909 jAaJ A&jyt 4,y1jj)l Ol yilaJi 

1921 jfjl'JjJ a., c^SUi 

1921 dLjUJ, ;JijlA-jOJli 

1924 oij£i J4 ojb ^ygi jjkJt 

!938 j .Ji 4 £-C dJ\S%Jl 

1950 ijUjb ^jsJ^L. SjilHioUjjli 

1953 ^tjicdb/ DNA 

1953 (^-T 

1953 oJijjj 4( aJ&i> 

1967 4 4tr J» J** 3 ' jM 

2003 . tJ xJ ^jjgi^jJrl 
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1° 28 ^J'Jjl* 

1794 ^ ^ 

1798 Sjl-Ji 4^P\sij» 

1801 ^y t| ^to 

1801 

1897 i^bAofl 

1902 c^^j 

1906 dlijJby tj^jA 

1906 ou^jT cOU^T 

1910 JjVcfiJjd 

1921 ^Ljjuy c £sili 

1928 jt , <ru c ^ , i« 
1934 

1938 jjUt^jT 

1940 ^uj CJJ , 



fall Uj^ 
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^jJb* JL^i c^JJt fU)l j 43LS^t 










1898 








jflnn j UTumi 




1837 






1811 






1779 






1820 






1960 






1911 






1906 






1910 






1898 




c> y^-\ 


1905 






1905 






1 C\AH 

ly4/ 






1856 






1976 






1921 
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1902 






1774 






1859 






1913 






1925 






1824 






1907 






1662 






1951 






1898 






1934 






1998 




JjU cjtfijo 


1967 






1898 






1934 




cfjJtf 


1900 






1935 






1932 






1640 






1870 






1843 


3 jJuJl 
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1962 






1794 






1924 






1858 






1802 






1806 






1801 






1940 




jljUJ 


1848 


>jJ > 




1902 






1929 






1750 






1790 






1970 






1983 






1801 






1911 






1895 






1963 






1951 






1902 
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1916 






1669 






1938 






1913 






1801 






1894 






1948 






1610 






1598 






1948 






1914 






1752 






1770 






1953 


DNA 




1928 






1882 






1939 






1543 






2003 






1672 






1609 
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1938 






1953 


DNA 




1933 






1520 






1 C\ o o 

1938 






1901 






1995 






1859 


AijJJl 4jj*a)l jit jJt 




1789 






1897 






1801 






1680 




Old (1) jsil c^j^iJ 


1938 






1735 






1921 






1967 






1864 






1824 
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1915 ^jliJi Jl^l 
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dJL-A j£\ j! lJb-lj jail jjJl j JL j jUp*>M J^~> l^w JS* >c5 JaiJi 
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^U.^^ JsH 0 ^ :<-«±Itj *4j-i>5UI CjIjU^Ij JjjJI jjjlj 2_ :JjVUj^l - 

oLh! ^L£L>. (j-j* ^jj^jus Luaj ^jl pv JT jhJo^L^ jjjLj 4- t^Lill *3-^>JI i^Libj— i - 

♦ Uj-uJ Jijj . J : 4_<jjv 
^jjt >U ^jlo,,, t,| 0 r>; II 4_Ul£Jt ii-iLLJl 4^aii»Jl 4.^ .^illl 4- Ulp- - 

JL-^tx jil 4_aMjlH :c_d_jLJ i2/] ^M^VI Jl^jJI JjJLJI JjiALulj9 - 

♦ ^,l<- JUJfcxa 4jJI <-3Lbtj 4jl>-1j 2L>uL_ti :4^>-jj idJL UtS*' 

i iS i 1 u ±£ (U Ij^ juo >f Jjj til Ijj Jjj jljL jx. Li 4- 1 Ljjj-^i 4- <-m *r I j£La — 

.jjl^: ^jji < n J<( , i CT j > £. _ 4 (Ferhenga Ronak) j^ui ^^Liii - 

-iljT . ^ i L>. jj^jl Sulll Jjj>* 4jj£L3 Sji^Jj 4j^j <c y>. - 
t4jj Lcu-u II <^djjua iJlj j I jVI ^ \c 4- >4 Cj 1 lju I j 'cAi/^J-^ 4 ^ 3 o_l^>. - 

.^ja^o^Jl jj-u!^JI AiC. . J t t-^tJ^aellJI Jn <tl L_jlLt>Jl CjL&L>oI — 

. (__^ jj_<i_>J ! £_j_uIjJI J i r . ^ t 4Ur Cj VL^a t4j LjJT t 4j - A d ^ t juiajl < *IU^ — 
: 4—03-^3 *-ijL$J rc-aJLj t 4_oUi«JI 4jj jJI 4- ol ojt^ullj CjL>.>L_uoVI jjjLj - 

,1517 - 1381 <2L^JI 4^I^>JI 2Uj^) \ubl\ 4^iai ajjjJ! Jli 4- ^ L5JI jMj - 

Mill . j :< njlG 

,1963 ^L^i 8 - 1958 3^ 14 <2LIi.ljJI 5u^L^JI olj^UUI '4. 2Lu,ljj ^1^1 - 
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T 1960-1876 1 gyl-^y ^l^j^ aJ 4 7?>»» u n 0 ^\ jlu 

. J^SJI *L>jVl Qja 4£.j.»jfao :4^vp <4jjju1]I oLielill <<j-y 4 < Vj) j£jJ-»i t^y-A jJl jlicoJI 

<<ujt\ ±>\ 4jj jlul ^ 1851 - 1 784 2LuLLJi SjU^I jjjIj 

.(Jij Ju^9 j, i>>^^1 t^^Jj-C ^yj ^jJJlI! (jr^ ^■J.t.^iH 5 \jrtr 4_ JUlJIj jUoVl 4KA* 

. r 1 958-1 921 ^1 j^l jl ^ 2uiLyi ciil j^Vlj jjjSJI 

4- ^jUiui! 4_b>L>J! ^j^o ^jh *L*k t 4__ijUi*JI SJjjJIj _>jj_£J1 
.^jlj^l^j jl^.jJ909- 1876<^ftl ju^>JI jL^o^i^' 
l^VI SjLb stD £AJ! *l LJI 4- jj jl ^ jJI 4- <-s>*-a 

j-jjjJl J if j jj i <rt tl JL-U1 £^Lju» mi 4- 4_j-u1j J nt*J JU>JI tui II jni 11 4_la1jJ 

cA j^MlftJIj 4 jjjljlj J c^UJI £ <£L>d\ 4- ol — lJj j — ^iVI SLLui — UJI 

.(Jj-lxj^JI j-^ljJI jllc . j tL> ^_JI ^Kjj ^>KJI jl^T 4- 

<u rtU<^fl jLj :(-JuJb <( j^jL>JI (jljLjJl (j\jLuii)jfij Lj^H 
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*_> j I j ^ <n 'J 1 3 <Lcl i trill 



il^j ^JbJI juvb ^^i' uULjo^fl jjl>o 

j»> ^ • o ,>Li 4j him IT ^jUuULjI u^LiiHSLa . t 

a^jjlcj .LjL_>-l iA^U klulS cLyii ) j^a AJJt 




